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studies have shown that at both low (o4) and high (411) pH,
the dendrimer displays an extended conformation due to
electrostatic repulsions of either the protonated internal amines
at low pH or the deprotonated carboxylic acids on the
periphery at high pH. At a pHE 6, however, the PPI dendrimer
displays a condensed, backfolded structure due to intra-
molecular hydrogen bonding of the zwitterionic structure.12

2. How are dendrimers synthesized?

Most dendrimers are synthesized following either a convergent
or divergent route, as depicted in Fig. 3. Each method has its
own advantages and disadvantages. The initial syntheses of
dendrimers pioneered by Tomalia et al.,1 Newkome et al.,2 and
Vögtle et al.3 proceeded by divergent routes, whereby
polyfunctional cores react with monomer units that have one
reactive site and multiple protected or unreactive groups.
Following reaction with the cores, the unreactive or protected
groups are activated for further reactions with additional
monomer units. Divergent route synthesis typically affords
dendrimers that display repeated AB2 or AB3 branching motif,
with AB2 branching being the most common.13 The divergent
route can be used for the synthesis of a broad spectrum of
dendrimer structures but can be limited by incomplete reaction
of the groups leading to the defects in the branching. To
overcome this limitation, the monomer unit is often added in
excess, thus requiring purification after each step. However,
such purification cannot eliminate all incomplete byproducts.
For instance, PPI dendrimer growth can be limited by
retro-Michael reactions or intramolecular amine cyclizations.
Even if the desired reaction selectivity approaches 99.5%, by
the fifth generation only 29% of the dendrimer will be
defect-free, and above the seventh generation virtually no
defect-free structures can exist. Similarly, for PAMAM, due

to defects caused by retro-Michael additions and intra-
molecular lactam formation, the fourth generation dendrimer
has only 8% defect-free product. Consequently, while calcula-
tions for the polydispersity of dendrimers synthesized
divergently show values nearing monodispersity, the purity
of these dendrimers is governed by statistics and defects will
always be present. Still, several strategies have been pursued to
improve this limitation.
To avoid purification procedures, user-friendly reactions

that proceed in high yields have been pursued. In 2005 Hawker
and Wooley et al. used the Huisgen 1,3-dipolar cycloaddition
reaction to divergently grow dendrimers up to generation
three.14 The synthesis involved iterative reaction between an
azide dendrimer and alkyne monomer unit followed by
halogenation and azido nucleophilic substitution of the newly
formed periphery. The dendrimers could be obtained in decent
yields with little purification required. In 2008 the Hawker
group used thiol–ene chemistry to construct dendrimers up to
generation four, as well as to functionalize the periphery.15 In
addition to reducing the structural defects that can occur with
the typical divergent approaches, the thiol–ene chemistry
could be run in the absence of solvent without the use of
metal catalyst, making it quite environmentally friendly.
In addition to improving the yields of the divergent strategy

using Click chemistry techniques, accelerated synthetic
strategies have been developed to reduce the number of steps.
In this strategy, two different monomer units, AB2 and CD2,
that have complementary functionalities can react sponta-
neously without the use of protecting groups or activating
agents. In 2001 Caminade and Majoral et al. used this
technique to synthesize their phosphorus-containing dendri-
mers through interactive condensation reactions between
phosphorhydrazides and aldehydes followed by Staudinger
reactions between phosphines and azides.16 Similarly, in
2007 Malkoch et al. used this technique to synthesize deriva-
tives of both the Fréchet-type polyether dendrimers and 2,2-
bis(methylol)propionic acid dendrimers using Click chemistry
and etherification/esterification reactions, respectively.17

The second commonly used method for dendrimer synthesis
is the convergent approach, pioneered by Fréchet et al.18 The
method proceeds from the surface of the dendrimer inward to
form a dendron that reacts with a suitable core to complete the
synthesis. The convergent approach is advantageous because
only a limited number of active sites are present per reaction,
reducing structural defects in the product. As a result, higher
percentages of defect-free product can be obtained per
generation and can be isolated from the byproducts. However,
the convergent approach is generally used to form only lower
generation structures because steric hindrance is encountered
when large dendrons are reacted with a small core to form a
larger generation dendrimer. Still, because most dendrimers
used for biomedical applications are fourth generation
analogues, this has not been a limitation.
To increase coupling yields for the convergent approach,

Hawker, Sharpless, and Fokin et al. used 1,3-dipolar cyclo-
addition reactions.19 Third generation dendrons were formed
by iterative reactions of AB2 alkyl halide/alkyne monomer
units with azidomethyl dendrons. The third generation
dendron was coupled with a polyacetylene core to form a

Fig. 3 Pictorial representations of dendrimer synthesis by

(A) divergent and (B) convergent strategies.
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studies have shown that at both low (o4) and high (411) pH,
the dendrimer displays an extended conformation due to
electrostatic repulsions of either the protonated internal amines
at low pH or the deprotonated carboxylic acids on the
periphery at high pH. At a pHE 6, however, the PPI dendrimer
displays a condensed, backfolded structure due to intra-
molecular hydrogen bonding of the zwitterionic structure.12

2. How are dendrimers synthesized?

Most dendrimers are synthesized following either a convergent
or divergent route, as depicted in Fig. 3. Each method has its
own advantages and disadvantages. The initial syntheses of
dendrimers pioneered by Tomalia et al.,1 Newkome et al.,2 and
Vögtle et al.3 proceeded by divergent routes, whereby
polyfunctional cores react with monomer units that have one
reactive site and multiple protected or unreactive groups.
Following reaction with the cores, the unreactive or protected
groups are activated for further reactions with additional
monomer units. Divergent route synthesis typically affords
dendrimers that display repeated AB2 or AB3 branching motif,
with AB2 branching being the most common.13 The divergent
route can be used for the synthesis of a broad spectrum of
dendrimer structures but can be limited by incomplete reaction
of the groups leading to the defects in the branching. To
overcome this limitation, the monomer unit is often added in
excess, thus requiring purification after each step. However,
such purification cannot eliminate all incomplete byproducts.
For instance, PPI dendrimer growth can be limited by
retro-Michael reactions or intramolecular amine cyclizations.
Even if the desired reaction selectivity approaches 99.5%, by
the fifth generation only 29% of the dendrimer will be
defect-free, and above the seventh generation virtually no
defect-free structures can exist. Similarly, for PAMAM, due

to defects caused by retro-Michael additions and intra-
molecular lactam formation, the fourth generation dendrimer
has only 8% defect-free product. Consequently, while calcula-
tions for the polydispersity of dendrimers synthesized
divergently show values nearing monodispersity, the purity
of these dendrimers is governed by statistics and defects will
always be present. Still, several strategies have been pursued to
improve this limitation.
To avoid purification procedures, user-friendly reactions

that proceed in high yields have been pursued. In 2005 Hawker
and Wooley et al. used the Huisgen 1,3-dipolar cycloaddition
reaction to divergently grow dendrimers up to generation
three.14 The synthesis involved iterative reaction between an
azide dendrimer and alkyne monomer unit followed by
halogenation and azido nucleophilic substitution of the newly
formed periphery. The dendrimers could be obtained in decent
yields with little purification required. In 2008 the Hawker
group used thiol–ene chemistry to construct dendrimers up to
generation four, as well as to functionalize the periphery.15 In
addition to reducing the structural defects that can occur with
the typical divergent approaches, the thiol–ene chemistry
could be run in the absence of solvent without the use of
metal catalyst, making it quite environmentally friendly.
In addition to improving the yields of the divergent strategy

using Click chemistry techniques, accelerated synthetic
strategies have been developed to reduce the number of steps.
In this strategy, two different monomer units, AB2 and CD2,
that have complementary functionalities can react sponta-
neously without the use of protecting groups or activating
agents. In 2001 Caminade and Majoral et al. used this
technique to synthesize their phosphorus-containing dendri-
mers through interactive condensation reactions between
phosphorhydrazides and aldehydes followed by Staudinger
reactions between phosphines and azides.16 Similarly, in
2007 Malkoch et al. used this technique to synthesize deriva-
tives of both the Fréchet-type polyether dendrimers and 2,2-
bis(methylol)propionic acid dendrimers using Click chemistry
and etherification/esterification reactions, respectively.17

The second commonly used method for dendrimer synthesis
is the convergent approach, pioneered by Fréchet et al.18 The
method proceeds from the surface of the dendrimer inward to
form a dendron that reacts with a suitable core to complete the
synthesis. The convergent approach is advantageous because
only a limited number of active sites are present per reaction,
reducing structural defects in the product. As a result, higher
percentages of defect-free product can be obtained per
generation and can be isolated from the byproducts. However,
the convergent approach is generally used to form only lower
generation structures because steric hindrance is encountered
when large dendrons are reacted with a small core to form a
larger generation dendrimer. Still, because most dendrimers
used for biomedical applications are fourth generation
analogues, this has not been a limitation.
To increase coupling yields for the convergent approach,

Hawker, Sharpless, and Fokin et al. used 1,3-dipolar cyclo-
addition reactions.19 Third generation dendrons were formed
by iterative reactions of AB2 alkyl halide/alkyne monomer
units with azidomethyl dendrons. The third generation
dendron was coupled with a polyacetylene core to form a

Fig. 3 Pictorial representations of dendrimer synthesis by

(A) divergent and (B) convergent strategies.
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and EPR imaging with spin-labeled dendrimers [55] are
some of the diverse areas of fascinating ongoing dendrimer
research that are beyond the scope of this article.

Conclusions
The use of dendrimers to learn about and to moderate 
biological events has advanced significantly during the
past year. Glycodendrimers and peptide dendrimers are
two dendrimer motifs that have generated widespread
interest for understanding and controlling biological 
recognition events. In addition, a variety of dendritic 
systems show promise for gene therapy and drug delivery.
The research summarized here provides an exciting 
foundation for future endeavors with dendrimers in 
chemical biology.

Update
In the area of glycodendrimer synthesis, glycodendrimers
comprising 21 and 27 saccharide residues were synthesized
via reductive amination. To simplify characterization, ! and
"-glucosyl residues were alternated [56]. To study
protein–carbohydrate interactions, fourth-generation mannose-
functionalized lysine-core dendrimers were studied. These
dendrimers exhibited sub-nanomolar IC50 values for inhibition
of adhesion of type 1 fimbriated E. coli to a highly mannose
functionalized reference neoglycoprotein [57].

A new family of peptide dendrimers based on polyproline
helices with cis-4-amino-L-proline branch points was
described [58].

For gene therapy, lower-generation poly (propylene imine)
dendrimers displayed higher transfection efficacy and lower
cell cytotoxicity than higher-generation dendrimers [59].

A review of dendrimer drug-delivery systems was recently
published [60], and the synthesis of dendrimers to be used
in the preparation of multivalent drug–antibody immuno-
conjugates was reported [61].
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It has been known for nearly a decade that simple cova-
lent attachment of folic acid to virtually any macromole-
cule produces a conjugate that can be internalized into 
FR-bearing cells in an identical fashion to that of free folic
acid17. Numerous publications have emerged to elucidate
the mechanism and to further define the advantages as
well as the limitations of this technology. To date, folate
conjugates of radiopharmaceutical agents18–23, MRI con-
trast agents24, low molecular weight chemotherapeutic
agents25, antisense oligonucleotides and ribozymes26–30,
proteins and protein toxins17,31–35, immunotherapeutic
agents36–39, liposomes with entrapped drugs40–44 and plas-
mids45–51 have all been successfully delivered to FR-express-
ing cancer cells. The objective of this review will be to
focus on only a few of the aforementioned techniques with

regard to their currently known preclinical or clinical in-
vestigations, as well as to provide greater insight into the
use of folate-mediated macromolecule delivery.

Radiodiagnostic imaging
The field of nuclear medicine has been revitalized with the
advent of tissue-specific radiopharmaceutical-targeting
technologies. Ligands capable of concentrating at patho-
logical sites have been derivatised with chelator–radio-
nuclide complexes and used as non-invasive probes for 
diagnostic imaging purposes. For instance, monoclonal 
antibodies, somatostatin analogs, vasoactive intestinal
peptides and folic acid have all been used as ligands to lo-
calize radionuclides to tumors18–23,52–54. Applications with
monoclonal antibodies, and truncated derivatives thereof,
initially received the most attention because it was 
believed that precise, or perhaps superior, tumor-specific
targeting might be easily achieved. Unfortunately, this 
approach was subsequently found to be technically chal-
lenging and inferior to other methods, because:
(1) antibodies have prolonged circulation times owing 

to their large molecular size (an unfavorable trait for
imaging purposes);

(2) antibodies can be immunogenic, forcing their laborious
humanization whenever multiple doses were anticipated;

(3) antibodies are expensive to produce; and
(4) tumor to non-target tissue ratios (T:NT) of antibody-

linked radionuclides were suboptimal55–57.
Thus, more focus has recently been directed towards the

use of smaller tumor-specific ligands that do not suffer
from such limitations.

Chronologically, the first folic acid conjugate described
for in vivo tumor imaging was a histamine derivative con-
taining 125-Iodine (125I;Ref. 58). Although impressive tumor
images were obtained with this conjugate, it was not con-
sidered to be a relevant clinical candidate owing to the
long-lived 125I radionuclide component. Subsequent reports
described the synthesis and use of folate-deferoxamine for
tumor targeting18,19. Deferoxamine chelates 67-Gallium (67Ga),
a gamma-emitting radionuclide that has a half-life of 78 h.
Favorable pharmacokinetic biodistribution profiles and
high T:NT ratios were obtained with the folate–deferoxam-
ine conjugate in a tumor-bearing nude mouse model. Un-
fortunately, partial hepatobiliary clearance was observed,
and further preclinical development was stopped because of
anticipated problems in accurately imaging regio-abdominal
locations in humans. This obstacle was easily overcome,
however, by simply replacing the deferoxamine chelator
with diethylenetriamine penta-acetic acid (DTPA), an effi-
cient chelator of 111-Indium (111In; 68 h half-life). 111In-
DTPA–folate displayed very similar tumor-accumulating
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Figure 1. Structure of folic acid.
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Figure 2. Endocytosis of folate–drug conjugates. Exogenous
folate–drug conjugates bind specifically to folate receptors (FRs)
presented on the surface of a target cell. The plasma membrane
invaginates around the folate–FR complex to form an intracellular
vesicle that is commonly referred to as an endosome. As the
lumen of the maturing endosome acidifies to ~pH 5, owing to
the action of resident proton pumps, the FR releases the folate
(or folate conjugate) into the cytosol.
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+*$%6-+&+! (<! 6-%-/('&<;$.%&($07! ,(7*-+%-/! )-$)/&5-/+! )-/&Z-)! </(5! .*.7&.!

.0/'($0%-!,-/&,6-/*!%(!.($+%/;.%!5;7%&<;$.%&($07!)-$)/&5-/+`LC!!

#$(%6-/!,/();.%!,/-,0/-)!'*!@F(?0!0$)!O/b.6-%!H0+!0!6*'/&)!,(7*-+%-/3

,(7*05&)-! )-$)/&5-/! H-0/&$G! RN=! .60&$+! 0$)! )(K(/;'&.&$! 0%! &%+! +;/<0.-`L"!

I-0/7*!jCu!(<!%6-!+;/<0.-!<;$.%&($07&%&-+!(<!%6-!)-$)/&5-/!H-/-!.($^;G0%-)!H&%6!

)(K(/;'&.&$`!P6-!)-$)/&5-/!H0+!'&()-G/0)0'7-!0$)! /-50&$-)!$($%(K&.! <(/!D1i!

.-77+! 0%! [!5Go5V`! ! P6-! RN=3%-/5&$0%-)! ,(7*-+%-/! H0+!5()&<&-)! H&%6! .*,0%-2! 0!

$-0/3&$</0/-)! <7;(/-+.-$.-! ,/('-2! %(! &50G-! 0.&)&.! %&++;-+! 0$)! %6-! %;5(/+! &$!
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H&%6! 0F('-$F-$-! +;/<0.-! 0++-5'7-)! &$%(! .(/-3+6-77! +%/;.%;/-)! $0$(3<&'-/+2!

%;';70/! 5&.-77-+2! 0$)! ,(7*5-/+(5-+! &$! 0E;-(;+! +(7;%&($`! P6-! 0GG/-G0%-)!

+%/;.%;/-+!H-/-! ,6(%(+-$+&%&Z-2! &$)&.0%&$G! %6-&/! ;+-! 0+! &$%-77&G-$%! Z-6&.7-+!H&%6!
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$(! .*%(%(K&.&%*! 0G0&$+%! BP"! .-77+2! -K.-77-$%! '&()-G/0)0'7-! '-60Z&(;/! 0$)! 6&G6!

.-77;70/!;,%0?-!7-Z-7!5-)&0%-)!-$)(.*%(+&+`!
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&$%-/-+%&$G! <(/! %6-! )-+&G$! (<! $-H! )/;G! )-7&Z-/*! 0G-$%+`! P6-*! ,/-+-$%! -K.-77-$%!
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!"#$%&'(#)%"!

!"#$%$&$'%(+

=-$-!P6-/0,*!50*!'-!)-<&$-)!0+! %6-! %/-0%5-$%!(<!6;50$!)&+-0+-!'*! %6-!

%/0$+<-/!(<!G-$-%&.!50%-/&07!&$%(!+,-.&<&.!.-77+!(<!%6-!,0%&-$%!&$!(/)-/!%(!.(//-.%!%6-!

(Z-/-K,/-++&($! (/! ;$)-/3-K,/-++&($! (<! 0! )-<-.%&Z-! G-$-`L[!P6-! .($.-,%! (<! G-$-!

%6-/0,*!H0+!&$%/();.-)!&$!%6-!70%-!"jLCJ+!0<%-/!%6-!)-Z-7(,5-$%!(<!/-.(5'&$0$%!

:I#! %-.6$(7(G*`! #%! %6&+! %&5-2! 50$*! 0,,/(0.6-+! <(/! G-$-! %6-/0,*! 0/-! '-&$G!

-Z07;0%-)!&$!0$&507!5()-7+!(<!6;50$!)&+-0+-+!0$)!&$!.7&$&.07!%/&07+`!Y6&7-!%6-/-!

60Z-! '--$! $(! .(5,7-%-7*! +;..-++<;7! 0,,7&.0%&($+! (<! G-$-! %6-/0,*! <(/! 6;50$!

)&+-0+-2! .($+&)-/0'7-! ,/(G/-++! 60+! '--$!50)-`! D(5,0/-)! %(! G-$-! %6-/0,*2! .-77!

%6-/0,*! &+! 0$!(7)-/!)&+.&,7&$-2!)0%&$G!'0.?! %(! %6-! <&/+%!'7(()! %/0$+<;+&($+! &$! %6-!

"jBCv+2! 0$)!,/(.--)&$G! %6/(;G6!(/G0$!0$)!'($-!50//(H! %/0$+,70$%0%&($! &$! %6-!

"jiCJ+! 0$)!LCJ+2! %(! %6-!5(/-!5()-/$!0)(,%&Z-! %/0$+<-/!(<! 7*5,6(.*%-+! %(! %/-0%!

.0$.-/!0$)!%6-!,(%-$%&07!%(!;+-!+%-5!.-77+!%(!/-,0&/!)050G-)!(/G0$+!&$!%6-!<;%;/-`!

D-77!P6-/0,*!.0$!'-!)-<&$-)!0+!%6-!&$<;+&($!(/!%/0$+,70$%0%&($!(<!H6(7-!.-77+!&$%(!

0!,0%&-$%!<(/!%6-!%/-0%5-$%!(<!0$!&$6-/&%-)!(/!0.E;&/-)!)&+-0+-`!P6&+!%-.6$&E;-!.0$!
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P6-/0,-;%&.! 0,,/(0.6-+! <(.;+! ($! %6-! %H(! )-7&Z-/*! 5()-+`Li!P6-! G-$-! %6-/0,*!
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($7*! ,(++&'7-! '*! ,6*+&.07! 5-%6()+! +;.6! 0+! 0! G-$-! G;$2! 6*)/(+%0%&.! ,/-++;/-2!

-7-.%/(,(/0%&($! 4,-/5-0'&7&F0%&($! (<! %6-! .-77+! 5-5'/0$-! '*! &$./-0+&$G! %6-!

-7-.%/&.07! .($);.%&Z&%*82! .($%&$;(;+! &$<;+&($! 0$)! +($&.0%&($`LL!S(H-Z-/2! %6-+-!
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Z-.%(/+`! O(/! 7(H35(7-.;70/3H-&G6%! )/;G+! 0+! H-77! 0+! <(/! '&(7(G&.077*! 0.%&Z-!

,/(%-&$+2!)/;G!%0/G-%&$G!60+!'--$!0.6&-Z-)!'*!.($%/(77&$G!%6-!,/(,-/%&-+!(<!)/;G3

Z-.%(/!.(5,7-K-+!+;.6!0+! %6-!,0/%&.7-!+&F-2!5(7-.;70/!H-&G6%2! +;/<0.-!.60/G-2!(/!

'*!;+&$G!0!)&/-.%!%0/G-%&$G!,0/%!7&?-!0$!0$%&'()*!(/!0!<(7&.!0.&)!5(7-.;7-`!!
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%6-/0,-;%&.! G-$-`! #77! Z&/;+-+! '&$)! %(! %6-&/! 6(+%! 0$)! &$%/();.-! %6-&/! G-$-%&.!

50%-/&07! &$%(! %6-! 6(+%! .-77! 0+! ,0/%! (<! %6-&/! /-,7&.0%&($! .*.7-`! P6-! Z&/;+-+! 0/-!

+(,6&+%&.0%-)! G-$-! )-7&Z-/*! Z-6&.7-+! 0$)! +;.6! /-.(5'&$0$%! Z&/07! Z-.%(/+! 0/-!
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&55;$(G-$&.&%*2!6&G6!.(+%2!,0.?&$G!,/('7-5+`!P6-!7&5&%-)!+,0.-!0Z0&70'7-!&$!%6-!

Z&/07! G-$(5-! .(5'&$-)! H&%6! -K,-$+&Z-! ,/();.%&($! /-E;&/-5-$%+! 0$)! 50^(/!

+0<-%*! &++;-+! /-70%-)! %(! (Z-/3/-0.%&($! (<! %6-! &55;$-! +*+%-5! 60Z-! &$+,&/-)! %6-!
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+%-5! .-77+! 4>@D+8! 60Z-! '--$! 0%%/0.%&Z-! .-77! %6-/0,*! Z-6&.7-+! <(/! %6-! )-7&Z-/*! (<!

0G-$%+!&$%(!%;5(/!.-77+!'-.0;+-!(<!%6-&/!.0,0'&7&%*!(<!+-7<3/-$-H072!/-70%&Z-!-0+-!(<!

&+(70%&($!0$)!-K,0$+&($! ),46)3-'2! 0$)!6(5&$G!.0,0.&%*!077(H&$G! %6-5! %(!5&G/0%-!

%(H0/)! 0$)! -$G/0<%! &$%(! %6-! +&%-+! (<! %;5(/`g"!P(! )-Z-7(,! >@D+! 0+! %6-/0,-;%&.!

0G-$%+2! -<<&.&-$%! G-$-! %/0$+<-/%! %(! %6-! .-77+! &+! 0! ,/-/-E;&+&%-`! P6-! +%/0%-G&-+! <(/!

G-$-!)-7&Z-/*!&$%(!>@D+!&$.7;)-!;+&$G!Z&/07!Z-.%(/+!0$)!$($3Z&/07!Z-.%(/+`!@-Z-/07!

/-+-0/.6! G/(;,+! 60Z-! /-,(/%-)! ,/(5&+&$G! /-+;7%+! <(77(H&$G! %6-! &$^-.%&($! (<!

G-$-%&.077*! -$G&$--/-)! 5-+-$.6*507! +%-5! .-77+! &$! 0$&507! 5()-7+! '-0/&$G!

)&<<-/-$%!%;5(/+`g1!
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123-4+-",% (+,-.'#! ,/(Z&)-! (,,(/%;$&%&-+! <(/! &5,/(Z-)! +0<-%*2! <7-K&'&7&%*!

0$)! 5(/-! <0.&7-! 50$;<0.%;/&$G`! Q$! G-$-/072! +*$%6-%&.! Z-.%(/+! 0/-! 50%-/&07+!

,(+&%&Z-7*! .60/G-)! %60%! <(/5! -7-.%/(+%0%&.! &$%-/0.%&($+! H&%6! :I#! (/! XI#2!
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G-$-+!0$)!077(H!%6-5!%(!-$%-/!&$%(!%6-!.-77+`!P6-!-7-.%/(+%0%&.!&$%-/0.%&($+!(..;/!

'-%H--$! %6-! $-G0%&Z-7*! .60/G-)! ,6(+,60%-+! 4R8! (<! %6-! $;.7-&.! 0.&)+! 0$)! %6-!

$&%/(G-$!G/(;,+!4I8!(<!%6-!+*$%6-%&.!Z-.%(/+`!

I($3Z&/07! Z-.%(/+! &$.7;)-! .0%&($&.! 7&,(+(5-+! 47&,(,7-K-+8! 0$)! .0%&($&.!
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been identified as a rate-limiting step for gene transfection [16].
Consequently, development of highly efficient and less toxic gene
carriers is the most challenging work in the field of nonviral gene
therapy [17]. Cationic polymers are the commonly used nonviral
gene vectors that have been extensively investigated due to their
synthetic controllability and multivalent-functionalized surface
amino groups, as well as their ability to compact nucleic acid
[10,18e20]. For instance, cationic poly-L-lysine, polyethyleneimine,
diethylaminoethyl-dextran, and chitosan have been proven to be
able to transfect genes to different cell lines [18,21,22].

Dendritic polymers are well known by their well-defined three-
dimensional molecular architecture with low polydispersity index
and controlled surface functionalities based on stepwise synthesis
using divergent or convergent method [23e26]. Among them,
poly(amidoamine) (PAMAM) dendrimers are emerging as prom-
ising nonviral gene delivery vehicles [25,27]. The use of PAMAM
dendrimers as a vector for gene delivery was first separately re-
ported by the groups of Szoka [28] and Baker [29]. PAMAM-DNA
complex between PAMAM dendrimers and plasmid DNA can be
readily formed, and the DNA can be successfully transfected into
different cell lines such as Hela, HepG2, K562, and Jukart cells.
However, the application of PAMAM dendrimers as gene delivery
vectors is quite limited because of their inherent cytotoxicity
and low transfection efficiency. Much effort has been devoted to
enhance their gene delivery efficiency and specificity while
simultaneously decreasing the cytotoxicity of the dendrimers. It
has been reported that partial PEGylation [30e33], acetylation [34],
alkylation [35,36], and peptide-conjugation [37,38] of PAMAM
dendrimers can greatly enhance their gene delivery efficiency and
specificity and reduce their cytotoxicity.

Gold nanoparticles (AuNPs) have been identified as a suitable
platform for drug/gene delivery due to their unique physicochem-
ical properties, such as size- and shape-dependent optical proper-
ties, high surface area to volume ratio, and rich surface chemistry
allowing for facile modification with different functionalities
[39e45]. It has been reported that lysine dendron-functionalized

AuNPs are 28-fold superior to polylysine in reporter gene expres-
sion [46]. The super gene transfection performance of the lysine
dendron-functionalized AuNPs is likely due to the biomimetic
design of the particles that has a size more or less similar to the
nucleosome core proteins ( w 6 nm) having a large proportion of
basic residues (lysine and arginine) that form electrostatic bonding
with the phosphate backbone of DNA [47]. Therefore, through
appropriate surface functionalization of AuNPs, a highly efficient
and less toxic nonviral gene delivery vector may be developed for
various biomedical applications.

For effective gene delivery, the nonviral vector should be able to
effectively compact and condense DNA. Given the ability and
advantage of dendrimers as a gene delivery vector and the
remarkable role played by AuNPs in the gene delivery applications,
it may be advantageous to combine both dendrimers and AuNPs
within one particle system to enhance the gene delivery efficiency.
Dendrimers are considered to be soft NPs with flexible molecular
structures. A higher generation dendrimer (generation 4 or larger)
often loses its original 3-dimensional (3D) spherical morphology
upon interaction with solid surfaces or interfaces [48,49], thereby
losing a significant portion of binding sites and possibly making its
ability to compact DNA weakened. Our previous work has shown
that AuNPs can be entrapped within the dendrimer templates
[50e53]. It is expected that the entrapment of the rigid AuNPs
within the interiors of dendrimers helps reserve the 3D spherical
shape of the dendrimers, consequently featuring much more
binding sites with DNA than dendrimers without Au cores [54]. Our
hypothesis is that Au DENPs could be able to significantly improve
the capability of dendrimers to compact pDNA, which is essential
for improved gene delivery.

To prove our hypothesis, in this study, we synthesized Au DENPs
using amine-terminated generation 5 PAMAM dendrimers
(G5.NH2) as templates with different Au atom/dendrimer molar
ratios. The number of the primary amine groups of the G5.NH2

dendrimers and Au DENPs was first determined, and then agrose-
gel electrophoresis retardation assay was used to examine the

Fig. 1. Schematic illustration showing the three major trafficking barriers of gene delivery: (1) the passage of DNA across the plasma membrane, (2) protection and release of the
DNA molecules, and (3) the passage of DNA across the nuclear membrane. The process can be divided into (A) DNA complex formation and cell binding, (B) cellular uptake and
endocytosis, (C) escaping of the complex from endosome with limited stability, (D) cytosolic transit and nuclear entry, and (E) gene expression.
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P6-!+*$%6-+&+!(<! %6-!%6&/)!G-$-/0%&($!1)%3>R#!)-$)/($+!H0+!.(5,7-%-)! &$!

$&$-! +%-,+2! <(77(H&$G! 0! )&Z-/G-$%! +%/0%-G*`! P6-! <&$07! )-$)/($! <;$.%&($07&F-)! '*!

G7*.&$-! cAd! H0+! ('%0&$-)! 0+! 0! *-77(H&+6! +(7&)! &$! 0! 1Lu! %(%07! *&-7)! </(5! %6-!

.(55-/.&07!1)%3>R#`!P6-!)-$)/($!H&%6!0!<&Z-!.0/'($+!+,0.-/!cAed!H0+!('%0&$-)!&$!

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

OO

O
O

O

NH2

O
NH2

O
NH2

O

NH2
O

NH2

O

NH2

O

NH2

O NH2

N3
O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

OO

O
O

O

O

O

O

O

O

O
O

NH2

NH2

NH2

NH2

NH2

NH2

NH2

NH2

N3HO

O

O

O

O

O

O

O

O

O

O

OH

OH

O

OH

OH

O

OH

OHO

OH
OH

[1] [1']



!

!

!

Bg!

0! %(%07!*&-7)!(<!Lu`!P6-!./;.&07!+%-,!H0+! %6-!0))&%&($!(<!i305&$(6-K0$(&.!0.&)! &$!

H6&.6!%6-!,;/-!,/();.%!H0+!('%0&$-)!($7*!&$!0!1Cu!*&-7)`!!

P6-!+*$%6-%&.!,/(.-++!<(77(H-)!60+!'--$!&)-$%&.07!<(/!'(%6!)-$)/($+!0$)!&+!

<7(H&$G7*! -K,70&$-)! 4+*$%6-%&.! +.6-5-! &$! O&G;/-! ! 1C8`! #+! 0! <&/+%! +%-,! 4L82! %6-!

6*)/(K*7!G/(;,+!(<! %6-!1)%3>R#!5($(5-/!H-/-!,/(%-.%-)!'*!%6-! <(/50%&($!(<!0$!

0.-%07!H&%6!1213)&5-%6(K*,/(,0$-!&$!,/-+-$.-!(<!.3%(7;-$-+;7<($&.!0.&)!&$!0.-%($-!

4A%A8`!P6-$2!%6-!)-$)/($!,(&$%!H0+!<;$.%&($07&F-)!'*!0$!0F&)-!4i30F&)(6-K0$3"3(78!

%6/(;G6!0!:DDo:RP@!-+%-/&<&.0%&($! &$!)&.67(/(5-%60$-! 4LL2! @%-G7&+6!-+%-/&<&.0%&($2!

A%58`!P6-!i30F&)(6-K0$3"3(7!H0+!,/-Z&(;+7*!('%0&$-)!'*!0!/-0.%&($!(<!+;'+%&%;%&($!

'-%H--$!i3.67(/(6-K0$3"3(7! 0$)! +()&;5!0F&)-! &$! )&5-%6*7<(/505&)-`! #+! 0! %6&/)!

+%-,! 4LLL82! %6-! 6*)/(K*7! G/(;,+! H-/-! )-,/(%-.%-)! ;+&$G! 0! :lYNt! 0.&)! /-+&$! &$!

5-%60$(7! 4A%-8`! P6-! G-$-/0%&($! G/(H%6! H0+! ('%0&$-)! '*! -+%-/&<&.0%&($! (<! %6-!

6*)/(K*7! G/(;,+!H&%6! %6-!,/(%-.%-)!1)%3>R#!5($(5-/! 4A%A8! &$!,/-+-$.-!(<!:DD!

0$)! :RP@! &$! )&.67(/(5-%60$-! 4LU2!A%K2# A%08`! #<%-/! -0.6! -+%-/&<&.0%&($2! %6-! ./;)-!

,/();.%!H0+!,;/&<&-)!'*!.(7;5$!.6/(50%(G/0,6*!0$)!%6-!6*)/(K*7!G/(;,+!(<! %6-!

)-$)/($+!H-/-!)-,/(%-.%-)`!P6-!<(77(H&$G!+%-,!4U8!.($+&+%-)!($!%6-!<(/50%&($!(<!

0$!-+%-/!'($)!'-%H--$!%6-!6*)/(K*7!G/(;,+!(<!%6-!)-$)/($!0$)!%6-!.0/'(K*7!G/(;,!

(<! 0! ,/(%-.%-)! G7*.&$-! 4=7*9(.8`! P6-! )-,/(%-.%&($! (<! %6-! 05&$-! G/(;,+! &$! 0.&)!

-$Z&/($5-$%!4UL8!(<<-/-)!%6-!<&$07!,/();.%!zA{2!H6&.6!H0+!('%0&$-)!H&%6(;%!$--)!(<!

<;/%6-/!,;/&<&.0%&($`!
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9LM3NB##5ZO#/QP=HB=L>#F>HBEB#IS#=HLNJ#MBPBN6=LIP#6ELP6=BJ#!"#%&'!#JBPJNIP#cAdR#

!

9(%6!)-$)/($+!H-/-!+*$%6-+&F-)!0$)!.60/0.%-/&F-)!'*!"S3I>X2!"MD3I>X2!QX!

0$)!50++!+,-.%/(+.(,*!4+--!-K,-/&5-$%07!,0/%8`!P6-!.(5,7-%-!<;$.%&($07&F0%&($!(<!

%6-! %6&/)!G-$-/0%&($!)-$)/($!'*! %6-!05&$0%-)!0.&)!H0+!.($<&/5-)! &$!"S3I>X!'*!
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iv)

bis-MPA [1-1]

[1-3] [1-5]

[1-6]

[1]

i) 2,2-dimathoxypropane, TsOH, acetone

ii) DCC, DPTS, CH2Cl2

iii) Dowex H+, MeOH

iv) [1-1], DCC, DPTS, CH2Cl2

v) GlyBoc, DCC, DPTS, CH2Cl2

vi) MeOH / HCl

i)

ii)

iii)

iii)

iv)

vi)

81 %

99 %

93 %

70 %

100 %
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[C!

%6-!,-0?!.(//-+,($)&$G!%(!%6-!3D?53IS9(.!0$)!&$%-G/0%&$G!<(/!"iS!4M`gL!,,52!)2!9!

|![`i!SF!&$!%6-!.0+-!(<!cA%\d!0$)!M`Cj2!E2!9:!|!i`B!SF2!9;!|!i`C!SF!&$!%6-!.0+-!(<!cAe%\d8`!

P6-! .(//-.%! <;$.%&($07&F0%&($! (<! %6-! )-$)/($+! '*! %6-! 0F&)-! 0! %6-&/! ,(&$%! H0+!

/-Z-07-)!&$!QX!'*!%6-!'0$)!0%!0,,/(K`!1CjC!.53"!&$!%6-!,/();.%+!+,-.%/;5+`!!

U$<(/%;$0%-7*2!%6-!)-$)/($!cAed!H0+!<(;$)!%(!'-!&$+(7;'7-!&$!H0%-/!0$)!&%+!

;+-!0+!G-$-!.0//&-/!H0+!)&+.0/)-)`!!

!

P6-! "S3I>X! +,-.%/;5! (<! %6-! <&$07! .(5,(;$)! cAd! &+! /-,/-+-$%-)! &$! %6-!

<(77(H&$G!O&G;/-!!1"`!P6-!,/(%($+!(<!%6-!5-%6*7!G/(;,+2!?L2!?E2!0$)!?)!0,,-0/!0%!

"`MB!,,5!0$)!"`Mi!,,5!0+! +;,-/,(+-)! +&$G7-%+`!P6-!,-0?+! .(//-+,($)&$G! %(! %6-!

D?1!G/(;,+J!,/(%($+!?(2!?>2!?J! 0$)!?B! 0,,-0/!0+!E;&$%;,7-%+!0%!"`Bi!,,52!"`iC!

,,5!0$)!"`LC!,,5`!#%! M`MB!,,52! %6-!,-0?! .(//-+,($)&$G! %(! %6-!D?1! &$!p! (<! %6-!

0F&)-!G/(;,+2!?62!&+!+;,-/,(+-)!H&%6!%6-!+(7Z-$%!/-+&);07!,-0?`!P6-!,-0?!);-!%6-!3

D?13IS12!?=2!&+!+&%;0%-)!0%!M`j[!,,5!0+!0!+&$G7-%`!#%!B`"g!,,52!&+!7(.0%-)!%6-!%/&,7-%!

.(//-+,($)&$G! %(!?S`! O&$077*2! %6-! ,-0?+! .(//-+,($)&$G! %(! %6-! 3D3D?13l3! ,/(%($+2!

?N`Ne2!?W`We2!?P`Pe!0,,-0/!&$!%6-!B`"i!,,5!%(!B`gi!,,5!F($-!(<!%6-!+,-.%/;5`!P6-+-!

,/(%($+!0/-!)&0+%-/(&+(%(,&.2!%6-*!0/-!.6-5&.077*!&)-$%&.!';%!'-.0;+-!(<!%6-&/!+,0.-!

,(+&%&($!%6-*!G&Z-!)&<<-/-$%!"S3I>X!+&G$07+`!P6-*!.0$!0,,-0/!0+!+&$G7-%2!)(;'7-%!(/!

)(;'7-%!(<!)(;'7-%!)-,-$)&$G!(<!%6-!0//0$G-5-$%!(<!%6-!1)%3>R#!5(7-.;7-+!);-!%(!

%6-!)&<<-/-$%!G-$-/0%&($+!0$)!%6-!<;$.%&($07!G/(;,+!,/-+-$%!&$!%6-!'/(0)!,0/%!(<!%6-!

)-$)/($+`!!



!

!

!

["!

!

9LM3NB##5AO#A?%:&$#F)B>=N3E#IS#=HB#>IE)I3PJ#cAd`#TZZ&?V`#&B.+R#

!

(
HE
+FGHGDIJKLH+;$/-B10+EGHEDKMGD+

P6-! 1)%3>R#! )-$)/&5-/! z5{! H0+! )-+&G$-)! %(! '-! .(5,0/0'7-! H&%6! %6-!

)-$)/($`! Y-! +-7-.%-)! %6-! +-.($)! G-$-/0%&($! 1)%3>R#! )-$)/&5-/! H&%6! 0!

,-$%0-/*%6/&%(7!G/(;,!0+!.(/-`!P6-!>Y!41BB18! &+!0,,/(K&50%-7*! %H&.-! %6-!($-!(<!

%6-!)-$)/($! 4"B"182! 0$)! %6-!$;5'-/!(<! -K%-/$07! G/(;,+! &+! "i2! %6-!)(;'7-! (<! %6-!

)-$)/($!($-+`!!

P6-! +*$%6-+&+! (<! %6-! )-$)/&5-/! 4O&G;/-! 1M8! +%0/%-)! </(5! %6-! .(55-/.&07!

,-$%0-/*%6/&%(7!0$)!<(77(H-)!0!)&Z-/G-$%!+%/0%-G*!4G/(H%6!</(5!%6-!.(/-8`!P6-!<&/+%!

+%-,! (<! %6-! +*$%6-+&+! .($+&+%+! ($! %6-! <(/50%&($! (<! %6-!1)%3>R#! 0$6*)/&)-! %60%! &+!

6&G67*! /-0.%&Z-! H&%6! $;.7-(,6&7-+! +;.6! 0+! 07.(6(7! (/! 05&$-+`! Q$! %6&+! ,;/,(+-!

4O&G;/-! ! 1182! %6-! .(55-/.&07! 1)%3>R#! 5($(5-/! /-0.%-)! H&%6! '-$F07)-6*)-!

)&5-%6*7! 0.-%07! 0$)! 0! .0%07*%&.! 05(;$%! (<! .3P+lS! %(! <(/5! %6-! '-$F*7&)-$-3

,/(%-.%-)!)-/&Z0%&Z-`!#<%-/H0/)+2!%6-!0$6*)/&)-!H0+!<(/5-)!'*!+-7<3.($)-$+0%&($!

(<!%6-!,/(%-.%-)!)-/&Z0%&Z-!&$!,/-+-$.-!(<!:DD!4;+-)!0+!%6-!)-6*)/0%-)!0G-$%8`!P6-!

./;)-! 0$6*)/&)-! H0+! ,;/&<&-)! </(5! %6-! :DU! <(/5-)! 0$)! %6-! /-50&$&$G! :DD! '*!

,/-.&,&%0%&($!&$%(!6-K0$-`!
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!

9LM3NB##55O#/QP=HB=L>#F>HBEB#IS#!"#%&'!#6PHQJNLJBR#

!

P6-!G-$-/0%&($!G/(H%6!H0+!('%0&$-)!'*!-+%-/&<&.0%&($!'-%H--$!%6-!1)%3>R#!

0$6*)/&)-! 0$)! %6-! 6*)/(K*7! G/(;,+! (<! ,-$%0-/*%6/&%(7! &$! ,/-+-$.-! (<! :>#R! 0+!

0.*70%&$G!.0%07*+%!&$!0!5&K%;/-!"eM!,*/&)&$-o)&.67(/(5-%60$-!4L8`!#<%-/!/-0.%&($!%6-!

-K.-++!(<!0$6*)/&)-!H0+!E;-$.6!'*!0))&%&($!(<!H0%-/!4+%&//&$G!(Z-/$&G6%8`!R*/&)&$-2!

:>#R!0$)!%6-!'-$F*7&)-$-!,/(%-.%-)!0.&)!<(/5-)!0+!0!'*3,/();.%!H-/-!/-5(Z-)!

'*! -K%/0.%&($+!H&%6!I0S@lB! 4">82!I01DlM! 4"Cu!HoZ8! 0$)!'/&$-`!P6-! /-5(Z07! (<!

%6-!'-$F*7&.!G/(;,+!H0+!('%0&$-)!'*!.0%07*%&.!6*)/(G-$0%&($!4LL8`!P6-!-+%-/&<&.0%&($!

(<! %6-!6*)/(K*7!G/(;,+!H&%6!,/(%-.%-)!G7*.&$-! &$!,/-+-$.-!(<!:DD!0$)!:RP@! 4LLL8!

077(H-)!('%0&$&$G!%6-!.(5,7-%-7*!<;$.%&($07&F-)!)-$)/&5-/!H&%6!"i!05&$-!G/(;,+`!

P6-!./;)-!H0+!)&++(7Z-)!&$!N%l#.2!<&7%/0%-)!%(!/-5(Z-!%6-!:DU!<(/5-)!);/&$G!%6-!

/-0.%&($2! 0$)! .($.-$%/0%-)`! P6-! /-+;7%&$G! ,/();.%+! H-/-! ,;/&<&-)! '*! )&07*+&+!

4.-77;7(+-! 5-5'/0$-! >Y! "CCC8! 0G0&$+%! 5-%60$(7! );/&$G! 1B6`! O&$077*2! %6-!

)-,/(%-.%&($! (<! %6-! 05&$-! G/(;,+! 4LU8! &$! 0.&)&.! -$Z&/($5-$%! G0Z-! %6-! 05&$0%-)!

,/();.%!&$!0!%(%07!*&-7)!(<!gBu!H&%6(;%!$--)!(<!,;/&<&.0%&($`!
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bis-MPA anhydride
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bis-MPA

i) ii)

i) p-TsOH, acetone, benzaldehyde dimethyl acetal
ii) DCC, CH2Cl2

73 % 98 %
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9LM3NB#5-O#/QP=HB=L>#F>HBEB#SIN#=HB#FB>IPJ#MBPBN6=LIP#6ELP6=BJ#!"#%&'!#JBPJNLEBN#c5dR#

!

P6-! ,/();.%! G/(H%6! H0+! <(77(H-)! '*! I>X! +,-.%/(+.(,*e! %6-! .(5,(;$)!

'-&$G!+*55-%/&.2!%6-!I>X!+,-.%/;5+!.($%0&$!H&%6!<-H!.60/0.%-/&+%&.!,-0?+`!Q$!%6-!

O&G;/-!!1B2!</(5!%6-!<&/+%!c5%5d!%(!%6-!+-.($)!G-$-/0%&($!c5%Td!H-!.0$!('+-/Z-!%6-!
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O
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iii)

iv)

i) DMAP, pyridine, bis-MPA anhydride, CH2Cl2
ii) H2, Pd/C, MeOH/CH2Cl2
iii) GlyBoc, DCC, DPTS, CH2Cl2/DMF
iv) HCl / MeOH

91 %

Quant.
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[2-5][2]
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ii)

O
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O OH
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O OH

OH[2-2]

i)

O

O

O

O
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O
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O

O O

O

O O

O[2-1]

Ph Ph

PhPh

ii)

O

OO

O
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O PhPh

i)

bis-MPA anhydride

94 %

98 %

96 %

93 %
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0,,0/&%&($!(<!%6-!,-0?!);-!%(!%6-!1)%3>R#!5-%6*7!G/(;,!&$!G/--$!0%!"`"1!,,5!&$!"S3

I>X2!0$)!%6-!+6&<%!(<!%6-!5-%6*7!G/(;,+!(<!%6-!<&/+%!G-$-/0%&($!%(!;,,-/!+,-.%/;5!

4"`"g!,55!%(!"`1j!,,58`!Y-!.0$!07+(!('+-/Z-!&$!%6-+-!+,-.%/;5+!%6-!0,,0/&%&($!(<!

%6-!,-0?+!);-! %(! %6-! +-.($)!G-$-/0%&($!D?1! 0%! 0,,/(K`! M`i!,,5! &$!'7;-2! 0$)! %6-!

+6&<%!(<!%6-!<&/+%!G-$-/0%&($!,-0?+!%(!0,,/(K`!B`1!,,5`!!

!

!

9LM3NB##5TO#A?%:&$#F)B>=N3EF#IS#SLNF=#6PJ#FB>IPJ#MBPBN6=LIPF#!"#%&'!#JBPJNLEBNR#

!

! P6-!.(5,7-%-! <;$.%&($07&F0%&($!(<! %6-!)-$)/&5-/!'*!,/(%-.%-)!G7*.&$-!H0+!

/-Z-07-)! &$! "S3I>X!'*! %6-!)(;'7-%! 49! |![`B!SF8! .(//-+,($)&$G! %(! %6-!WDll3D?53

IS9(.!0%!M`gi!,,52!&$%-G/0%&$G!<(/!M1!,/(%($+!4"i!D?18!4+--!-K,-/&5-$%07!,0/%8`!

!

6GHEDKJKN-OKHGID-EGHEDKJKN+EPMQQGOO+

! #+! H-77! 0+! %6-! %6&/)! G-$-/0%&($! )-$)/($! 0$)! %6-! +-.($)! G-$-/0%&($!

)-$)/&5-/2! H-! .6(+-! %(! H(/?! H&%6! 0! )-$)/&%&.37&$-0/3)-$)/&%&.! )-/&Z0%&Z-2! 07+(!

.077-)!0!c);5''-77d!)-/&Z0%&Z-`!Q$!%6&+!/-G0/)2!H-!)-.&)-)!%(!;+-!%6-!.(55-/.&077*!
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.(5,(+-)!(<!0!.-$%/07!6*)/(,6('&.!.60&$!(<!,(7*4,/(,*7-$-!(K&)-8!4''.8!0$)!%H(!

6*)/(,6&7&.!.60&$+!(<!,(7*4-%6*7-$-!(K&)-8!4'8.8!4O&G;/-!!1[8`!
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R(7(K05-/+!0/-!0Z0&70'7-!&$!0!70/G-!/0$?!(<!5(7-.;70/!H-&G6%+!0$)!RRloRNl!

.(5,(+&%&($+`! P6-&/! )-/&Z0%&Z-+! 60Z-! '--$! +%;)&-)! <(/! Z0/&(;+! '&(5-)&.07!

0,,7&.0%&($+!+;.6!0+!)/;G!)-7&Z-/*2!G-$-!)-7&Z-/*!(/! %&++;-!-$G&$--/&$G`!O"1L! &+!0!

.(55-/.&07! ,7;/($&.k! H&%6! 0! 5(7-.;70/! H-&G6%! (<! 0'(;%! "1iCC! :02! &%! .($%0&$+!

0,,/(K&50%-7*! iL! RRl! G/(;,+! &$! &%+! .-$%/-! 4Q8! 0$)! jj! RNl! +-G5-$%+! &$! &%+!

-K%/-5&%&-+! 4b8`! Y-! .6(+-! %(! H(/?! H&%6! ,7;/($&.k! '-.0;+-! (<! &%+! ,/-Z&(;+!

;%&7&+0%&($!<(/!'&(7(G&.07!0,,7&.0%&($+`!R7;/($&.+k!60Z-!'--$!;+-)!%(!<(/5!5&.-77-+!

&$! (/)-/! %(! +(7;'&7&F-! 6*)/(,6('&.! )/;G+""1!0$)! %6-+-! ,(7*5-/+! 60Z-! 07+(! '--$!

;+-)! 0+! 6*)/(G-7+! <(/5-)! '*! ,6(%(3,(7*5-/&+0%&($! .0,0'7-! (<! 7(0)&$G! 0$)!

/-7-0+&$G! :I#` ""M !R7;/($&.k3,(7*.0%&($+! .($^;G0%-+! 0/-! (<! &$%-/-+%! &$! .(77(&)!

+.&-$.-!'-.0;+-!(<! %6-&/!+-7<30++-5'7*!,/(,-/%&-+!);-! %(! %6-!,/-+-$.-!(<! %6-!RRl!

+-G5-$%+`! >(/-(Z-/2! %6-! 6*)/(,6('&.! RRl! +-G5-$%+! .(;7)! <0.&7&%0%-! 5-5'/0$-!

&$%-/0.%&($+! 0$)! ,(++&'7*! 0.%! 0+! 0! +*$%6-%&.! <;+(G-$! '*! &$.(/,(/0%&$G! &$%(! %6-!

5-5'/0$-! 0$)! %6;+! &5,/(Z-! %6-! %/0$+,(/%! (<! %6-! ,(7*,7-K-! 4,(7*5-/3:I#!

.(5,7-K8`! P6-! ,(7*,7-K-!5()&<&-)!H&%6! R7;/($&.k! .0$! 0++-5'7-! &$%(! 0! .(/-3+6-77!

+%/;.%;/-! H&%6! %6-! +6-77! .($+&+%&$G! (<! RNl! 0$)! ,(7*.0%&($+`! P6-! ,7;/($&.k3

,(7*.0%&($! .($^;G0%-+! 60Z-! '--$! )-5($+%/0%-)! %(! -$60$.-! G-$-! %/0$+<-.%&($!

-<<&.&-$.*!0$)!&5,/(Z-!:I#!'&()&+%/&';%&($`""B!O0$!0$)!.(3H(/?-/+0!'*!.($^;G0%&$G!

,7;/($&.k! %(! )-$)/&%&.! RNQ2! .($<&/5-)! %60%! %6-! 0))&%&($! (<! %6-! ,(7*5-/! .0$!
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,/-.&,&%0%&($!0$)!<&7%/0%&($2!&$);.&$G!0!7(+%!(<!,/();.%!0$)!0!)-./-0+-!(<!%6-!*&-7)`!

P6-! <&/+%! +%-,! .($+&+%+!(<! %6-!-+%-/&<&.0%&($!(<!,7;/($&.!6*)/(K*7+!H&%6!B34,/(,313
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.53"!&$)&.0%-+!%6-!,/-+-$.-!(<!,/(%($0%-)!05&$-+`!
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56 %

i) DCC, DMAP, 4-(prop-2-ynyloxy)benzoic acid, CH2Cl2`

ii) CuSO4, 5 H2O, Sodium ascorbate, [1], DMF 

iii) MeOH / HCl

i)

ii)

iii)

67 %

[3-1]

[3]
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iCC!""CC!"iCC!1"CC!1iCC!M"CC!MiCC! >E%A#

R#>#>!=1!

#.&)!

QR13MC!
DllS!

Dll3!



!

!

!

iC!

I>X!+,-.%/;5+!0$07*+&+e!

#+! 0$! -K05,7-! <(/! 077! %6-! .(5,(;$)+2! %6-! I>X! +,-.%/;5+! (<! %6-! +-.($)!

G-$-/0%&($! )-/&Z0%&Z-! 5@%<'%-Z! H&77! '-! )-+./&'-)`! P6-! ,-0?+! H&77! '-! 0%%/&';%-)!

H&%6!/-)!7-%%-/+!<(/!%6-!R#>#>!0$)!H&%6!'7;-!7-%%-/+!<(/!%6-!0.&)!4O&G;/-!!1j8`!

!

!

9LM3NB##5]O#<'5%-Z#EI,B>3,B`#aL=H#>H6N6>=BNLF=L>#)B6DF#LP#A?#:&$R#

!

Q$!"S3I>X!+,-.%/;52!%6-!+6&<%!(<!%6-!+&G$07!</(5!M`1i!,,5!4ISD?1DS1IS18!

%(! M`Bj! ,,5! 4ISD?1DS1ISM~2! S68! 0$)! %6-! )&+,70.-5-$%! ,/(%($! </(5! 1`LB! ,,5!

4ISDS1D?1IS18! %(! M`Cg! ,,5! 4ISDS1D?1ISM~2! S&8! /-Z-07+! %6-! 055($&;5! +07%!

<(/50%&($!(<!%6-!+;/<0.-!05&$-!G/(;,+`!O;/%6-/5(/-2!+&G$07+!.(//-+,($)&$G!%(!%6-!

,/(%($+! 0%%0.6-)! %(! %6-! .0/'($*7! G/(;,+! 4DH13DllS8! 0%! B`"1! ,,5! 0/-! <(;$)! 0%!

7(H-/!+6&<%!&$!%6-!.0/'(K*70%-!G/(;,+2!4DH13Dll32!S#8!0%!M`jL!,,5`!

!

H+

N
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R

R

R
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N

O
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N
H

O

NH+

NH+

NH
O

NH
O
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+
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+
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!

!

i"!

!

9LM3NB##-ZO#A?%:&$#F)B>=N3EF#^TZZ#&?V`#&B.+_#IS#6>LJ#^3)_`#'!&!&#@5#^JIaP_#6PJ#5@%<'%

-Z#^ELJJ,B_R#

!

"MD3I>X!-K,-/&5-$%+!/-Z-07! %6-!)-,/(%($0%&($!(<! %6-!.0/'(K*7&.!0.&)!H&%6!

%6-! )&+,70.-5-$%! (<! %6-! +&G$07! .(//-+,($)&$G! %(! %6-! Dp! %(! .0/'($*7! G/(;,! &$! %6-!

0.&)! 4C?53DllS8! </(5! ij`C! ,,5! %(! L"`1! ,,5! &$! %6-! )-$)/&5-/! 4C?53Dll32! D#8`!

>(/-(Z-/2!0!+6&<%!(<!%6-!+&G$07!(<!%6-!.0/'($!.(//-+,($)&$G!%(!%6-!.0/'($*7!.0$!'-!

('+-/Z-)e! </(5! "LB`C! ,,5! <(/! %6-! .0/'($! .(//-+,($)&$G! %(! %6-! .0/'(K*7&.! 0.&)!

4DllS8!%(!"LL`"!,,5!<(/!%6-!.0/'($!.(//-+,($)&$G!%(!%6-!.0/'(K*70%-!4Dll38`!

P6-!,/(%($+!0$)!.0/'($+!H-/-!0++&G$-)!;+&$G!S@TD!4O&G;/-!!MC82!S>9D!0$)!

Dl@�!-K,-/&5-$%+`!!



!

!

!

i1!

!

9LM3NB##-AO#?/2*#:&$#F)B>=N3E#IS#=HB#>IE)I3PJ#5@%<'%-ZR#

!



!

!

!

iM!

D'%$-(;$/<=>)(0"%0+$1"+E(D;$/=>)(

P6-! +-.($)! G-$-/0%&($! (<! 1)%3>R#! )-$)/&5-/! c5d# H0+! ;+-)! 0+! +%0/%&$G!

50%-/&07! 0$)! %/-0%-)! 0+! ,/-Z&(;+7*! -K,70&$-)! %(! ('%0&$! %6-! .(//-+,($)&$G! &($&.!

)-$)/&%&.!)-/&Z0%&Z-!<!"#&'!#4O&G;/-!!M18`!

!

!

9LM3NB##-5O#/QP=HBFLF#IS#=HB#LIPL>#!"#%&'!#JBPJNLEBN#^<!"#&'!_R#

!

! P6-!.(5,0/&+($!(<!%6-!QX!+,-.%/;5+!(<!%6-!0.&)2!%6-!)-$)/&5-/!c-d!0$)!%6-!

&($&.!)-$)/&5-/!<!"#&'!!&+!+6(H$!&$!O&G;/-!MM`!Y-!.0$!('+-/Z-!%6-!0,,0/&%&($!(<!

0!'0$)!0%!"i[C!.53"!.(//-+,($)&$G! %(! %6-!.0/'(K*70%-!4�!lDl382!0$)!(<!0!'0$)!0%!

0,,/(K`!MB[C!.53"!.(//-+,($)&$G!%(!%6-!,/(%($0%-)!05&$-+!4�!ISM~8`!



!

!

!

iB!

!

9LM3NB#--O#9;%<$#IS#<!"#&'!#^LP#NBJ_`#6PJ#L=F#)NB>3NFINF#^LP#(,3B#6PJ#MNBBP_R#

! !

P6-!I>X!+%;)*!07+(!G&Z-+!;+!+(5-!-Z&)-$.-!0'(;%!%6-!<(/50%&($!(<!%6-!&($&.!

.(5,(;$)! 4+%/;.%;/-! &$! O&G;/-! ! MB8`! P6-! )-,/(%($0%&($! (<! %6-! .0/'(K*7&.! 0.&)! &+!

)-5($+%/0%-)! &$! "MD3I>X2!'*! %6-!)&+,70.-5-$%! (<! %6-! +&G$07! );! %(! %6-! .0/'($! &$!

07,60!(<!%6-!.0/'($*7!G/(;,!(<!%6-!0.&)!4CS13DllS8!</(5!ij`"!,,5!%(!ij`M!,,5!<(/!

%6-!)-$)/&5-/!4CS13Dll32!D#8`!O;/%6-/5(/-2!0!+6&<%!(<!%6-!+&G$07!.(//-+,($)&$G!%(!

%6-!.0/'($!(<!%6-!.0/'($*7!&+!('+-/Z-)!</(5!"LB`C!<(/!%6-!0.&)!4DllS8!%(!"LB`[!<(/!

%6-!.0/'(K*70%-!4Dll38`!

#7%6(;G6! %6-! )&+,70.-5-$%+! (<! %6-! +&G$07+! &$! I>X! 0/-! 5&$(/2! %6-!

5()&<&.0%&($!(<!%6-!)-$)/&5-/!H0+!.($<&/5-)!'*!%6-!G/-0%!.60$G-!&$!&%+!,/(,-/%&-+!

4+--!D(5,7-K&($!+%;)&-+8`!

!

!

9LM3NB##-TO#/=N3>=3NB#IS#<!"#&'!R#

iCC!"CCC!"BCC!"gCC!11CC!1iCC!MCCC!MBCC!MgCC!

:-$)/&5-/!zM{!

Q'&+>R#!

#.&)!

Dll%#

ISM
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R

R
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O

O

O

O

O

O

O
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O
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!

!

i[!

!"#$%&'($()"#*+(,,(-,+!"#!"#-!"#$%&'()*+()&,+

! P6-! )-G/0)0%&($+! &$! 0E;-(;+! 5-)&0! (<! %6-! )-$)/($! cAd! 0$)! (<! %6-!

)-$)/&5-/!c5d!H-/-!+%;)&-)!'*!50++!+,-.%/(+.(,*!<(77(H&$G!%6-!5-%6()!(<!O0)--7!

0$)! .(3H(/?-/`"11 !9/&-<7*2! %6-! ,/();.%+! H-/-! )&++(7Z-)! &$! 0$! 0E;-(;+! ';<<-/!

+(7;%&($! 4C`"!>8! 0%! Z0/&(;+!,Se!M2! [2! L! 0$)!j! 0$)!?-,%! 0%! ML�D`!#$! 07&E;(%! (<! %6-!

)&++(7;%&($+!H0+!%0?-$!0%!+,-.&<&.!%&5-+!<(/!0$07*+&+!'*!>#V:Q3PlO!>@`!

!

! Y-! ('+-/Z-)! %60%2! 0+! -K,-.%-)2! %6-! ,S! 60)! 0! G/-0%! &$<7;-$.-! ($! %6-!

)-G/0)0%&($`!#%!07?07&$-!,S!%6-!-+%-/!'($)+!H-/-!6*)/(7*+-)!5;.6!<0+%-/!%60$!0%!

0.&)&.!,S`!Q$!077!.0+-+2!%6-!<&/+%!)-G/0)0%&($!('+-/Z-)!H0+!0!7(+%!(<!G7*.&$-!43[L!;582!

<(77(H-)!'*!%6-!7(+%!(<!077!%6-!G7*.&$-!</0G5-$%+`!P6-$2!%6-!)-$)/($!H0+!.7-0Z-)!0%!

%6-!-+%-/!'($)+!(<!%6-!1)%3>R#!47(+%!(<!""i!;58!4O&G;/-!!M[8`!P6-!+05-!,/(.-++!H0+!

('+-/Z-)!<(/!%6-!)-$)/($!cAd!0$)!<(/!%6-!)-$)/&5-/!c5d`!

!

!

9LM3NB##-KO#/>HBEB#IS#JBPJNIP#JBMN6J6=LIPR#

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"<<
!R$! D',C7/! N$E$!5+,-'./! N$f$! N2(-+`'[/! J$! 17([L+((/! J$! M7,-/! J$! RP8-.FL/!N$!N+,)23B/! A$! D+4'',/!

G./1&',:.&0-/!('!(/!HH/!">?VH">="$!



!

!

!

ii!

!

! Q$! %6-! <(77(H&$G!P0'7-!1! 0/-! /-0++-5'7-)! %6-!)0%0!(<!)-G/0)0%&($e! %&5-!(<!

<&/+%!7(+%!(<!G7*.&$-2!%&5-!(<!<&/+%!7(+%!(<!1)%3>R#!5($(5-/`!

!

*IE)I3PJ# )?A#

CIF=#IS#

M,Q>LPB5#

CIF=#IS#!"#%&'!#

EIPIEBN-#

+BPJNIP#c"d#

M! "6! �![!)0*+!

[! "6! �![!)0*+!

L! "6! �![!)0*+!

j! "6! "!)0*!

+BPJNLEBN#c1d# L! "6! �![!)0*+!

;6(,B# 5O# /3EE6NQ# IS# JBMN6J6=LIP# NBF3,=FR# A)?# IS# =HB# JLFFI,3=LIPR# 5;LEB# 6=# aHL>H# =HB#

(BMLPPLPM#IS#=HB#JBMN6J6=LIP#>I3,J#(B#I(FBNUBJ#(Q#=HB#,IF=#IS#IPB#M,Q>LPB#EILB=QR# -;LEB#6=#

aHL>H#=HB#SLNF=#,IF=#IS#6#!"#%&'!#EIPIEBN#EILB=Q#a6F#I(FBNUBJR#

!

! Q$!%6-!O&G;/-!!Mi2!H-!.0$!+--!0$!-K05,7-!(<!%6-!)-G/0)0%&($!(<!%6-!)-$)/($!

cAd!('+-/Z-)!0%!,S!L!4"CC!5>8`!#%!%!|!C!&+!/-,/-+-$%-)!%6-!+,-.%/;5!(<!%6-!,/();.%!

&55-)&0%-7*! %0?-$!0<%-/!)&++(7;%&($2! 0$)! %6-$!0<%-/!)&<<-/-$%! %&5-+!0%!ML�D`!#<%-/!

($-! 6(;/2! H-! .0$! 07/-0)*! ('+-/Z-! 0! )-G/0)0%&($! (<! %6-! )-$)/($`! P6-!5(7-.;70/!

,-0?!60+!)&+0,,-0/-)!0$)!H-!.0$!+--!%6-!0,,-0/0$.-!(<!%6-!,-0?+!.(//-+,($)&$G!

%(! %6-! 7(+%! (<! ($-! (/! Z0/&(;+! G7*.&$-!5(&-%&-+! 4=8`! #<%-/! [! )0*+2! %6-! )-G/0)0%&($!

+--5+!%(!60Z-!+%(,,-)!%(!%6-!c$;)-d!)-$)/($!H&%6!6*)/(K*7+!G/(;,+`!

!



!

!

!

iL!

!

9LM3NB##-XO#&6FF#F)B>=N3EF#IS#JBPJNIP#cAd#6S=BN#JLSSBNBP=#=LEBF#IS#LP>3(6=LIP#6=#)?#0#^ZRA&_R#

!

! P6-!/-+;7%+!('%0&$-)!60Z-!.($<&/5-)!%60%!)-$)/&%&.!)-/&Z0%&Z-+!.(5,(+-)!(<!

1)%3>R#! 5($(5-/+! 0++-5'7-)! '*! -+%-/! '($)+! 0/-! +-$+&%&Z-! %(! ,S`! P6-+-!

.(5,(;$)+! /-+;7%! %(!'-!5(/-!+%0'7-! &$!0.&)!-$Z&/($5-$%`!D($+-E;-$%7*2! %(!H(/?!

H&%6! %6-+-! ,/();.%+! &+! &%! &5,(/%0$%! %(! %0?-! &$%(! 0..(;$%! %6-! ,S! 4�L8! 0$)! %6-!

%-5,-/0%;/-!%(!7&5&%!%6-!)-G/0)0%&($`!P(!0Z(&)!%6-!)-G/0)0%&($!%6-!'-+%!(,%&($!&+!

t = 0 

t = 1h 

t = 3h 

t = 6h 

t = 24h 

t = 48h 

t = 5days 



!

!

!

ig!

%(! ?--,! %6-! ,/();.%+! 0%! %6-! ,-$;7%&50%-! +%-,! (<! %6-! +*$%6-+&+2! H&%6! %6-! 05&$-+!

G/(;,+!,/(%-.%-)!0+!3IS9(.2!0$)!.0//*!(;%!%6-!70+%!+%-,!^;+%!'-<(/-!;+&$G!%6-5`!



!

!

!

ij!

!"##$%&'(&#&)*+

P6-/-! 0/-! Z0/&(;+! 0++0*! 5-%6()+! <(/! -Z07;0%&$G! %6-! .*%(%(K&.! -<<-.%+! (<!

.6-5&.07!($!.;7%;/-)!.-77+`!P6-!./*+%07!Z&(7-%!+%0&$&$G!4DA@8!0++0*!&+!0!+&5,7-!0$)!

/-,/();.&'7-! 0++0*! (<! .*%(%(K&.&%*`"1M!P6&+! 0++0*! &+! '0+-)! ($! %6-! G/(H%6! /0%-!

/-);.%&($!/-<7-.%-)!'*!%6-!.(7(/&5-%/&.!)-%-/5&$0%&($!(<!%6-!+%0&$-)!.-77+`!

P6-!.-77!Z&0'&7&%*!(<!1)%3>R#!)-/&Z0%&Z-+!0$)!&($&.3R#>#>!)-$)/&5-/+!H0+!

%-+%-)!($!%H(!.-77! 7&$-+2!($!5-+-$.6*507!+%-5!.-77+!4'>@D+!5(;+-!'($-!50//(H!

+%/(507! +%-5! .-77+8! 0$)! &$! 0! .0$.-/(;+! .-77! 7&$-! 4U1[">=! G7&(50! .-77+8`!

>-+-$.6*507!+%-5!.-77+!(/!>@D+!0/-!5;7%&,(%-$%!+%-5!.-77+!%60%!.0$!)&<<-/-$%&0%-!

&$%(! 0! Z0/&-%*! (<! .-77! %*,-+`! P6-! .-77! Z&0'&7&%*!H0+! +%;)&-)! ($! %6-+-! ?&$)+! (<! .-77+!

4.0$.-/(;+! 0$)! 5-+-$.6*5&078! '-.0;+-! %6-*! 0/-! ($-+! (<! %6-! %0/G-%+! <(/! G-$-!

)-7&Z-/*`! O(/! %6-! %/-0%5-$%! (<! .0$.-/+! &$! %6-! <&/+%! .0+-2! 0$)! &$! %6-! +-.($)! .0+-2!

'-.0;+-!>@D+!.0$!'-!;+-)!0+!.-77;70/!Z-.%(/+!<(/!.-77!%6-/0,*!0+!-K,70&$!'/&-<7*!&$!

%6-!&$%/();.%&($`!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"1M!+\! M$! f-+:+)C/! O$! M+:C(2/! O$! 1+-2/!N$! gL'4+"! 4/_.@/0(! .*! E.':/"! !""!/! =/! "I>H";I_! ^\! 1$! O+2-2L'/! M$!
N2.C-+/!N$!gL'4+/!4/_.@/0(!.*!E.':/"!!"#"/!H/!I"?HI<"$!



!

!

!

LC!

;$/<=>)(0"+$:,&$:"/(AFCG(A7C(,%0(ABC(

Q$! %6-! <(77(H&$G! G/0,6&.+! 4O&G;/-! ! ML8! 0/-! /-,/-+-$%-)! %6-! .-77! Z&0'&7&%*!

/-+;7%+!('%0&$-)!H&%6!%6-!!"#%&'!!)-$)/&%&.!)-/&Z0%&Z-+!0%!"5>!($!U1[">=!.-77+!

0$)!>@D+`!P6-!.-77!Z&0'&7&%*!H0+!%-+%-)!0<%-/!($-!%(!%6/--!)0*+!(<!&$.;'0%&($+!(<!%6-!

.-77+!H&%6!%6-!.(5,(;$)+`!

!

! !

9LM3NB##-0O#75KA&@#6PJ#&/*F#>B,,#UL6(L,L=Q#6=#AE&#6F#6#S3P>=LIP#IS#=LEB#SIN#=HB#JBPJNL=L>#

JBNLU6=LUBF#cAd#LP#)3N),B`#c5d#LP#(,3B#6PJ#c-d#LP#MNBBPR#

!

Q$!%6-!.0+-!(<!%6-!)-$)/($!cAd2!0%!1B6!(<!&$.;'0%&($!H&%6!%6-!U1[">=!.-77+!

4O&G;/-! !ML082! %6-!.-77!Z&0'&7&%*!H0+!6&G6-/! %60$!"CC!u!4"1gu8!5-0$&$G! %60%! %6-!

.-77+!G/(H!<0+%-/!H&%6!%6-!.(5,(;$)!%60$!H&%6(;%!&%`!#%!Bg6!0$)!L162!$(!-<<-.%!(<!

%6-!.(5,(;$)!H0+!('+-/Z-)n!%6-!.-77+!H-/-!G/(H&$G!0+!%6-!.($%/(7`!P6-!)-$)/&5-/!

c5d! 60)!$(! +&G$&<&.0$%! .*%(%(K&.! -<<-.%! ($! %6-! .-77+`! P6-!)-$)/&%&.37&$-0/3)-$)/&%&.!

)-/&Z0%&Z-! c-d! ,/-+-$%-)! %(K&.&%*! 0<%-/! M! )0*+! (<! &$.;'0%&($2! H&%6! 0! .-77! Z&0'&7&%*!

;$)-/!iC!u`!!

Q$! %6-! .0+-!(<! %6-!>@D+2! 077! %6-! .(5,(;$)+!,/-+-$%-)! .-77! Z&0'&7&%*!6&G6-/!

%60$!gC!u!0%!"5>2!</(5!1B6!%(!L16!(<!&$.;'0%&($!H&%6!%6-!.-77+!4O&G;/-!!ML'8`!

P6-!.-77!Z&0'&7&%*!(<!c-d!H0+!%-+%-)!0%!7(H-/!.($.-$%/0%&($+!4O&G;/-!!Mg82!0$)!

H-! .(;7)! ('+-/Z-! 0! )-./-0+-! (<! %6-! %(K&.&%*! (<! %6-! .(5,(;$)! H&%6! %6-!

.($.-$%/0%&($!;$%&7!&%!H0+!$-G7&G&'7-!0%!C`"1[!5>`!

C!

1C!

BC!

iC!

gC!

"CC!

"1C!

"BC!

1B6! Bg6! L16!

g
#>
B
,,
#U
L6
(
L,
L=
Q
#

6_#75KA&@# z"{!"5>!

z1{!"5>!

zM{!"5>!

C!

1C!

BC!

iC!

gC!

"CC!

"1C!

"BC!

1B6! Bg6! L16!

g
#>
B
,,
#U
L6
(
L,
L=
Q
#

(_#&/*F# z"{!"!5>!

z1{!"!5>!

zM{!"!5>!
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!

!

L"!

!

9LM3NB##-\O#*B,,#UL6(L,L=Q#IS#JBPJNL=L>%,LPB6N%JBPJNL=L>#JBNLU6=LUB#c-d#aL=H#75KA&@#

>B,,F#6=#>IP>BP=N6=LIPF#SNIE#ZRA5K#E&#=I#A#E&R#

!

Q$! %6-! P0'7-! M2! %6-! .($.-$%/0%&($+! 0%! H6&.6! %6-! )-$)/&%&.! )-/&Z0%&Z-+!

,/-+-$%-)!$(!.*%(%(K&.&%*!<(/!'(%6!.-77!%*,-!0/-!.($Z-/%-)!&$!5Go5V`!

!

Derivative Dendron [1] Dendrimer [2] Dumbbell [3] 

mM
a
 1 1 0.125 

mg/mL
b
 1.70 3.02 2.04 

;6(,B#-O#*IP>BP=N6=LIPF#IS#!"#%&'!#JBNLU6=LUBF#Bb)NBFFBJ#LP#EMhEC#6PJ#E&R#6*IP>BP=N6=LIP#

IS#=HB#>IE)I3PJF#LP#E&#^iEI,hEC_R#($B,6=LUB#>IP>BP=N6=LIP#IS#=HB#>IE)I3PJF#LP#EMhECR##

!

#77! %6-! .(5,(;$)+! ,/-+-$%-)! G(()! .-77! Z&0'&7&%*! /-+;7%+! 0%! .($.-$%/0%&($+!

+;,-/&(/!%(!"!5Go5V!4+--!P0'7-!M8`!

!

C!

1C!

BC!

iC!

gC!

"CC!

"1C!

"BC!

1B6! Bg6! L16!

g
#>
B
,,
#U
L6
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L,
L=
Q
#

+3E((B,,#c-d#75KA&@#>B,,#UL6(L,L=Q# C`"1[!5>!

C`1[!5>!

C`[!5>!

"!5>!



!

!

!

L1!

D'%$-(0"+$:,&$:"/(7H<D><B8G(7H<D><FIG(JH<D><7JKG(JH<D><F7L(,%0(D;$/=>)(

! P6-!+%;)*!H0+!/-07&F-)!0%!.($.-$%/0%&($+!(<!C`[!5Go5V!0$)!'-7(H!'-.0;+-!

%6-!%(K&.&%*!(<!%6-!&($&.!R#>#>!)-$)/&5-/+!H0+!-K,-.%-)!%(!'-!+;,-/&(/!%(!%6-!($-!

(<! %6-! ,/-Z&(;+! 1)%3>R#! )-/&Z0%&Z-+`! Q$! %6-! P0'7-! B2! %6-! .($.-$%/0%&($! (<! %6-!

,/();.%+!&$!5Go5V!&+!.($Z-/%-)!&$!$5(7o5V!4�>8!%(!<0.&7&%0%-!%6-!0$07*+&+!(<!%6-!

/-+;7%+`!!

!

 Compounds 0.5 mg/mL
a
 

IP5-254 6.8 !M
b
 

IP5-128 9.7 !M
b
 

IP2-30 58.1 !M
b
 

IP2-16 81.9 !M
b
 

IbisMPA 94.4 !M
b
 

;6(,B#TO#*IP>BP=N6=LIPF#IS#=HB#LIPL>#JBNLU6=LUBF#Bb)NBFFBJ#LP#EMhEC#6PJ#E&R#

6*IP>BP=N6=LIP#IS#=HB#>IE)I3PJF#LP#EMhECR#($B,6=LUB#>IP>BP=N6=LIP#IS#=HB#>IE)I3PJF#LP#

i&#^PEI,hEC_R##

!!

Q$! %6-!O&G;/-! !Mj! %6-! /-+;7%+!(<! .-77! Z&0'&7&%*!('%0&$-)! &$.;'0%&$G! %6-! &($&.!

)-/&Z0%&Z-+!(<!R#>#>!)-$)/&5-/+!H&%6!>@D+!0$)!U1[">=!0%!0! .($.-$%/0%&($!(<!

C`[!5Go5V!0/-!/-,/-+-$%-)`!

!

! !

9LM3NB##-]O#*B,,#UL6(L,L=Q#aL=H#LIPL>%'!&!&#JBNLU6=LUBF#LP>3(6=BJ#aL=H#75KA&@#>B,,F#6PJ#

&/*F#6=#ZRK#EMhEC#SIN#5TH#=I#05HR#

!
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1C!

BC!
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"CC!
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6_#75KA&@`#ZRK#EMhEC## 1=3QR3"i!

1=3QR3MC!

[=3QR3"1g!

[=3QR31[B!

C!

1C!

BC!

iC!

gC!

"CC!

"1C!

"BC!

1B6! Bg6! L16!

g
#*
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#4
L6
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(_#&/*F`#ZRKEMhEC# 1=3QR3"i!

1=3QR3MC!

[=3QR3"1g!

[=3QR31[B!



!

!

!

LM!

P6-+-!.(5,(;$)+!H-/-!<(;$)!%(!'-!5(/-!%(K&.!%60$!%6-!)-/&Z0%&Z-+!(<!1)%3

>R#!,/-Z&(;+7*! )-+./&'-)`! Q$! %6-! .0+-! (<!U1[">=! .-77+2! ($7*! %6-!=1! .(5,(;$)+!

H-/-! <(;$)! %(! '-! $($3%(K&.! 0%! C`[! 5Go5V`! P6-! =[! )-/&Z0%&Z-+! +6(H-)! 7(H! .-77!

Z&0'&7&%*!0<%-/!%6/--!)0*+e!'-%H--$!1C!u!0$)!BC!u`!Y&%6!5-+-$.6*5&07!.-77+2!077!%6-!

)-/&Z0%&Z-+! +6(H-)! %(K&.&%*e! '-%H--$! 1C! u! 0$)! BC! u! (<! .-77! Z&0'&7&%*`! P6-!

)-$)/&5-/+! (<! +-.($)! G-$-/0%&($! H-/-! 7-++! %(K&.! <(/! U1[">=! .-77+! 4$(! %(K&.&%*!

<(;$)8!%60$!<(/!5-+-$.6*5&07!.-77+!4'-%H--$!1C!u!0$)!MC!u!(<!.-77!Z&0'&7&%*8`!!

!

! P6-! .-77! Z&0'&7&%*! %-+%+! H&%6! %6-! .(5,(;$)+! (<! <&<%6! G-$-/0%&($! H-/-!

/-,-0%-)!0%!7(H-/!.($.-$%/0%&($+!4O&G;/-! !BC82!</(5!i1`[!�Go5V!%(![CC!�Go5V`!#!

)&<<-/-$.-! (<! %(K&.&%*! '-%H--$! %6-! %H(! ,/();.%+! H0+! ('+-/Z-)n! %6-! )-$)/&5-/!

%(%077*! <;$.%&($07&F-)! '-&$G! %6-! 7-++! %(K&.2! -+,-.&077*! 0%! 7(H! .($.-$%/0%&($+`! P6-!

)&<<-/-$.-!(<!%(K&.&%*!'-%H--$!%6-!%H(!.-77!7&$-+!&+!07+(!/-50/?0'7-n!%6-!.(5,(;$)+!

H-/-!7-++!%(K&.!<(/!5-+-$.6*5&07!.-77+!%60$!<(/!U1[">=!.-77+`!!

!

!!!! !

9LM3NB##TZO#*B,,#UL6(L,L=Q#NBF3,=F#IS#75KA&@#>B,,F#6PJ#&/*F#LP>3(6=BJ#aL=H#<'K%5KT#6PJ#<'K%

A5\#J3NLPM#05HR#

!

! !
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C!

1C!

BC!
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U1[">=!

>@D+!



!

!

!

LB!

P6-! .-77! Z&0'&7&%*! (<! <!"#&'!! H0+! %-+%-)! 0%! .($.-$%/0%&($+! ;,! %(! "!5Go5V!

4O&G;/-!!B"8`!!

!

9LM3NB##TAO#*B,,#UL6(L,L=Q#NBF3,=F#IS#&/*F#6PJ#75KA&@#>B,,F#LP>3(6=BJ#aL=H#<!"#&'!R# #

!

P6-! &($&.! 1)%3>R#! )-$)/&5-/! H0+! <(;$)! %(! '-! 7-++! %(K&.! %60$! %6-! &($&.!

)-/&Z0%&Z-+!(<!R#>#>`!

P6-!<&/+%!.(55-$%!%60%!H-!.0$!50?-!&+!%60%!%6-!&($&.!.(5,(;$)+!(<!R#>#>!

0/-! 5;.6! 5(/-! %(K&.! %60$! %6-! )-/&Z0%&Z-+! (<! 1)%3>R#2! -Z-$! 0<%-/! %6-&/! &($&.!

<;$.%&($07&F0%&($! '*! 134134135-%6(K*-%6(K*8-%6(K*80.-%&.! 0.&)`! 9(%6! &($&.!

.(5,(;$)+! (<! R#>#>!(<! <&<%6! G-$-/0%&($2!K@%<'%A5\! 0$)!K@%<'%5KT2! ,/-+-$%-)!

,((/! .-77! Z&0'&7&%*! </(5! 0! .($.-$%/0%&($! (<! C`"1[! 5Go5V! &$! '(%6! .-77! 7&$-+2!

5-0$H6&7-!%6-!)-/&Z0%&Z-+!(<!+-.($)!G-$-/0%&($!0/-!7-++!%(K&.2!(Z-/077!<(/!U1[">=!

.-77+`!!

!

P6-! 5(+%! &$%-/-+%&$G! &($&.! .(5,(;$)! &$! %-/5+! (<! .-77! Z&0'&7&%*! &+! %6-!

)-/&Z0%&Z-!(<!1)%3>R#e! <!"#&'!`! U,! %(!"!5Go5V! .($.-$%/0%&($! 4"gj!�>82! &%+! .-77!

Z&0'&7&%*!&+!+;,-/&(/!%(!iCu`!

!

O(/! 077! %6-! .(5,(;$)+2! %6-! .-77! Z&0'&7&%*! Z0/&-+! .($+&)-/0'7*! '-%H--$! %6-!

%H(!.-77+!4>@D+!0$)!U1[">=8`!Q$!%6-!.0+-!(<!<!"#&'!2!H-!.0$!('+-/Z-!0!)&<<-/-$.-!

(<!0,,/(K`!1Cu!(<!.-77!Z&0'&7&%*!'-%H--$!%6-!%H(!.-77!7&$-+2!%6-!.(5,(;$)!'-&$G!7-++!

%(K&.! <(/!U1[">=! .-77+`! Q$! %6-! .0+-! (<! %6-! &($&.! )-/&Z0%&Z-+! (<! R#>#>!(<! +-.($)!
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>@D+!



!

!

!

L[!

G-$-/0%&($2!H-!.0$!50?-!%6-!+05-!.(55-$%e!$(!%(K&.&%*!('+-/Z-)!H&%6!U1[">=2!

0$)!0$!&5,(/%0$%!($-!&$!%6-!.0+-!(<!%6-!>@D+!41C!u!%(!MC!u!.-77!Z&0'&7&%*8`!

#! )&<<-/-$.-! (<! .-77! Z&0'&7&%*! 0%! C`[! 5Go5V! &+! ('+-/Z0'7-! '-%H--$! %6-!

)-/&Z0%&Z-+! (<! R#>#>! %(%077*! <;$.%&($07&F-)! 4K@%<'%5KT! 0$)!5@%<'%-Z8! 0$)! %6-!

($-+! ,0/%&077*! <;$.%&($07&F-)! 4K@%<'%A5\! 0$)! 5@%<'%AX82! %6-! ,0/%&077*!

<;$.%&($07&F-)!.(5,(;$)+!,/-+-$%&$G!7-++!%(K&.&%*`!

!

O(/! <;%;/-! +%;)&-+! (<! R#>#>! &($&.! )-/&Z0%&Z-+2! &%! 5&G6%! '-! &$%-/-+%&$G! %(!

<;$.%&($07&F-! %6-+-! .(5,(;$)+! ($7*! 0%! %6-/-! ,-/&,6-/*! H&%6! 0! 7($G-/! -%6*7-$-!

G7*.(7!.60&$!&$!(/)-/!%(!/-);.-!%6-&/!%(K&.&%*2!';%!+6(/%!-$(;G6!%(!077(H!%6-!05&$-!

G/(;,+! (<! %6-! )-$)/&5-/+! %(! &$%-/0.%! H&%6! %6-! ,6(+,60%-! G/(;,+! (<! %6-! $;.7-&.!

0.&)+`!!

!



!

!

!

Li!



!

!

!

LL!

!"#$%&'(")*+,-.(&++

! P6-!.(5,7-K&($!+%;)&-+!H-/-!.0//&-)!(;%!H&%6!%H(!:I#!,70+5&)+!4,:I#8!(<!

)&<<-/-$%! +&F-+`! P6-! <&/+%! ($-! &+! 0! +5077! ,70+5&)! (<! BLMM! ',! H-0/&$G! G/--$!

<7;(/-+.-$%!,/(%-&$e!)@9'`!P6-!+-.($)!($-!&+!0!'&GG-/!,70+5&)2!-K%/0.%-)!</(5!0$!

0)-$(Z&/;+e!)!J`!Y-!.6((+-!%(!H(/?!H&%6!%6-+-!%H(!,70+5&)+!%(!<&$)!(;%!6(H!%6-!

+&F-!.(;7)!&$<7;-$.-!%6-!.(5,7-K&($!'*!(;/!)-$)/&%&.!)-/&Z0%&Z-+`!O;/%6-/5(/-2!%6-!

,=OR! .0$! '-! ;+-)! -0+&7*! <(/! %/0$+<-.%&($! 0++0*+! 0+! &%+! ,/-+-$.-! &+! /-Z-07-)! '*!

<7;(/-+.-$.-`!

P6-!0'&7&%*!(<!%6-!)-$)/&%&.!)-/&Z0%&Z-+!%(!<(/5!-7-.%/(+%0%&.!.(5,7-K-+!H&%6!

:I#!H0+!Z-/&<&-)!'*!0G0/(+-!G-7!-7-.%/(,6(/-+&+!/-%0/)0%&($!0++0*+`!R70+5&)!:I#+!

0$)! %6-! )&<<-/-$%! .(5,(;$)+! H-/-! &$.;'0%-)! &$! P9N! ';<<-/! );/&$G! MC! 5&$;%-+!

'-<(/-! /;$$&$G! %6-! G-7`! :-/&Z0%&Z-+o:I#! &$%-/0.%&($+! 0/-! +6(H$! '*! %6-! 70.?! (<!

5&G/0%&($! (<! :I#! &$! %6-! -7-.%/(,6(/-%&.! <&-7)`! X0%&(+! 0/-! -K,/-++-)! &$!H-&G6%! (<!

:I#oH-&G6%!(<!)-$)/&%&.!)-/&Z0%&Z-+`!

P6-! -<<&.&-$.*! (<! %6-! .(5,(;$)+! %(! <(/5! .(5,7-K-+! H&%6! ,:I#! H&77! '-!

.(5,0/-)! &$! %-/5+! (<! IoR! /0%&(! 0%! H6&.6! 077! %6-! ,:I#! &+! <(/5&$G! -7-.%/(+%0%&.!

&$%-/0.%&($+! H&%6! %6-! )-$)/&%&.! .(5,(;$)+`! Y6-$! $(! 5&G/0%&($! (<! ,:I#! &+!

('+-/Z-)!&$!%6-!G-7+2!%6-!0..;/0%-!/0%&(!)-$)/&5-/o:I#!&+!/-0.6-)`!P6-!IoR!/0%&(!

/-,/-+-$%+! %6-!5(70/! /0%&(! '-%H--$! %6-! ,/(%($0'7-! 05&$-! G/(;,+! ,/-+-$%! &$! %6-!

)-$)/&%&.!5(7-.;7-!0$)!%6-!0$&($&.!,6(+,60%-!G/(;,+!,/-+-$%!&$!%6-!,:I#`!

!



!

!

!

Lg!

;$/<=>)(0"+$:,&$:"/(

#+! H-! .0$! +--! &$! %6-! O&G;/-! ! B1! %(! O&G;/-! ! BB2! -7-.%/(+%0%&.! &$%-/0.%&($+!

'-%H--$!%6-!$;.7-&.!0.&)+!,6(+,60%-+!0$)!%6-!05&$-+!(<!%6-!)-/&Z0%&Z-+!(..;/+!&$!

077!%6-!.0+-+`!!

Q$!%6-!<&/+%!H-77!(<!%6-!G-7+!</--!:I#!&+!)/(,,-)!(<<!0$)!&%+!5&G/0%&($!($!%6-!

G-7! .0$! '-! ('+-/Z-)`! Y6-$! %6-! /0%&(! (<! )-$)/&5-/o:I#! &+! &$./-0+-)2! $(! 5(/-!

5&G/0%&($!&+!('+-/Z-)e!%6-!G-7!/-%0&$+!%6-!.(5,7-K!<(/5-)`!!

!

Q$! %6-! .0+-! (<! %6-! )-$)/($! cAd2! O&G;/-! ! B12! %6-! 0..;/0%-! /0%&(! &+! ('%0&$-)!

H6-$! %6-! E;0$%&%*! (<! )-$)/($! &+! gCCCC! %&5-+! 6&G6-/! %60$! %6-! ,=OR! 4&$!H-&G6%82!

0$)!"CCC!%&5-+!6&G6-/!%60$!%6-!,#)`!!

!

!

9LM3NB##T5O#'L>=3NB#IS#=HB#6M6NIFB#MB,#B,B>=NI)HINBFLF#NB=6NJ6=LIP#6FF6Q#NB6,LVBJ#aL=H#=HB#!"#%

&'!#JBPJNIP#cAd#LP>3(6=BJ#aL=H#)@9'#6PJ#)!JR#

!



!

!

!

Lj!

Q$!%6-!.0+-!(<!%6-!)-$)/&5-/!c5d2!O&G;/-! !BM2!%6-!0..;/0%-!/0%&(! &+!('%0&$-)!

H6-$!;+&$G!%6-!+05-!HoH!/0%&(+!%60$!<(/!)-$)/($!cAd`!

!

!

9LM3NB##T-O#'L>=3NB#IS#=HB#6M6NIFB#MB,#B,B>=NI)HINBFLF#NB=6NJ6=LIP#6FF6Q#NB6,LVBJ#aL=H#=HB#!"#%

&'!#JBPJNLEBN#c5d#LP>3(6=BJ#aL=H#)@9'#6PJ#)!JR#

!

O&$077*2! &$! %6-! .0+-! (<! %6-! ,7;/($&.! )-/&Z0%&Z-! c-d2! O&G;/-! ! BB2! %6-! .(//-.%!

/0%&(! &+! ('%0&$-)!H6-$! %6-! E;0$%&%*! (<! .(5,(;$)! &+! iCCC! %&5-+! 6&G6-/! %60$! %6-!

,=OR2!0$)!"CCCC!%&5-+!6&G6-/!%60$!%6-!,#)`!!

!

!

9LM3NB##TTO#'L>=3NB#IS#=HB#6M6NIFB#MB,#B,B>=NI)HINBFLF#NB=6NJ6=LIP#6FF6Q#NB6,LVBJ#aL=H#=HB#!"#%

&'!#JBNLU6=LUB#c-d#LP>3(6=BJ#aL=H#)@9'#6PJ#)!JR#

!



!

!

!

gC!

Q$! %6-! <(77(H&$G! %0'7-2! %6-!HoH!:I#o)-$)/&5-/! /-+;7%+! 0/-! /-+;5-)! 0$)!

-K,/-++-)!07+(!&$!%-/5+!(<!IoR!/0%&(+`!

!

 [1] [2] [3] 

MW 1412 Da 2442 Da 16033 Da 

pGFP 
1:80k w/w 

125196 N/P 

1:80k w/w 

16161 N/P 

1:6k w/w 

1975 N/P 

pAd 
1:1k w/w 

1568 N/P 

1:1k w/w 

2222 N/P 

1:5k w/w 

1616 N/P 

;6(,B#KO#$BF3,=F#I(=6LPBJ#aL=H#=HB#(LF%&'!#JBNLU6=LUBF#LP#=BNEF#IS#aha#+:!hJBPJNLEBNF#

N6=LI`#6PJ#LP#=BNEF#IS#:h'#N6=LIR#&G^)@9'_j-RA5#AZX#+6`#&G^)!J_#j#5TRZX#AZX#+6R#

!

Q$!%6-!.0+-!(<!%6-!+5077!,70+5&)2!)@9'2!%6-!);5''-77!)-/&Z0%&Z-!&+!%6-!5(+%!

-<<&.&-$%!07%6(;G6!%6-!IoR!/0%&(!$--)-)!%(!.(5,7-K!077!%6-!,:I#!&+!6&G6`!Y&%6!)!J2!

%6-!E;0$%&%*!(<!)-$)/($!cAd!0$)!)-$)/&5-/!c5d!$--)-)!&+!5;.6!7(H-/`!P6&+!/-Z-07+!

%60%! %6&+!?&$)!(<! +5077!)-$)/&5-/+!H(;7)!'-!5(/-! &$)&.0%-)!0+!Z-.%(/+!(<!0! c'&Gd!

,70+5&)! %60$! 0+! Z-.%(/+! (<! 0! c+5077d! ($-`! P6-! );5''-77! )-/&Z0%&Z-! c-d! +--5+! %(!

60Z-!0!+&5&70/!-<<&.&-$.*!H&%6!'(%6!,:I#`!

#+!.($.7;+&($2!077!%6-+-!%6/--!1)%3>R#!)-$)/&%&.!)-/&Z0%&Z-+!0/-!0'7-!%(!<(/5!

.(5,7-K-+!H&%6! ,70+5&)!:I#! (<! )&<<-/-$%! +&F-+2! 0%! )&<<-/-$%! /0%&(+`! S(H-Z-/2! %6-!

IoR!/0%&(+!0/-!$(%!Z-/*!+0%&+<*&$G`!

!



!

!

!

g"!

D'%$-<>)=)=(0"+$:,&$:"/(

! P6-! +-.($)! G-$-/0%&($! 0$)! <&<%6! G-$-/0%&($! (<! &($&.3R#>#>! )-/&Z0%&Z-+2!

<;77*! <;$.%&($07&F-)! (/! ,0/%&077*! <;$.%&($07&F-)! H-/-! +%;)&-)`! P6-! )-$)/&5-/+!

,0/%&077*! <;$.%&($07&F-)!H-/-!5()&<&-)! ($7*! 0%! %6-&/! ,-/&,6-/*`! P6-! /-+;7%+!H-/-!

.(5,0/-)! H&%6! %6-! ($-+! ('%0&$-)! H&%6! .(55-/.&07! R#>#>! )-$)/&5-/! H&%6!

%-/5&$07!05&$-!G/(;,+!H&%6(;%!5()&<&.0%&($!4O&G;/-!!B[8`!!!

!

!

9LM3NB##TKO#!M6NIFB#MB,#B,B>=NI)HINBFLF#NB=6NJ6=LIP#6FF6Q#+:!h<IPL>%'!&!&#JBPJNLEBNFR#

$6=LIF#6NB#Bb)NBFFBJ#LP#aBLMH=#IS#+:!#)BN#aBLMH=#IS#<IPL>%'!&!&#JBNLU6=LUBR#

!

#+! H-! .0$! +--! &$! %6-! O&G;/-! ! B[2! &($&.3R#>#>! )-/&Z0%&Z-+! 0/-! G(()!

.0$)&)0%-+! <(/! <(/5&$G! &$%-/0.%&($+! H&%6! ,=OR`! Q$! %6-! .0+-! (<! %6-! )-/&Z0%&Z-+!

,0/%&077*! <;$.%&($07&F-)2! %6-! /-+;7%+! ('%0&$-)! 0/-! -Z-$! '-%%-/! %60%! <(/! R#>#>!

)-$)/&5-/+! (<! %6-! +05-! G-$-/0%&($`! Q$! %6-! .0+-! (<! %6-! )-/&Z0%&Z-+! %(%077*!

<;$.%&($07&F-)2!%6-*!+6(H-)!7-++!.(5,7-K&($!.0,0'&7&%*!';%!+%&77!G(()!/-+;7%+!H&%6!

/0%&(+!(<!0'(;%!"o"C`!

!



!

!

!

g1!

Q$!%6-!O&G;/-!!Bi2!%6-!,&.%;/-+!(<!%6-!G-7!/-%0/)0%&($!0++0*+!.0//&-)!(;%!H&%6!

%6-!,#)!0/-!/-,/-+-$%-)`!

!

!

9LM3NB##TXO#@B,#NB=6NJ6=LIP#6FF6QF#IS#LIPL>%'6E6E#JBPJNLEBNF#>IE),BbBF#aL=H#)!JR#

!

Q$!%6-!P0'7-!i2!H-!.0$!+--!%60%!%6-!.(5,(;$)!(<!+-.($)!G-$-/0%&($!5@%<'%

-Z!+--5+!%(!'-!(<!-E;07!-<<&.&-$.*!H&%6!%6-!,#)!0$)!,=OR`!P6-!.(5,(;$)!(<!<&<%6!

G-$-/0%&($!K@%<'%5KT!,/-+-$%-)!'-%%-/!/-+;7%+!H&%6! %6-!,#)2!H&%6!0!IoR!/0%&(!(<!

""`!!Q$!%6-!.0+-!(<!%6-!)-$)/&5-/!,0/%&077*!<;$.%&($07&F-)!5@%<'%AX2!%6-!/-+;7%+!0/-!

'-%%-/!H&%6!,=OR2!IoR!/0%&(!(<!C`j2!%60$!H&%6!%6-!,#)2!IoR!/0%&(!(<!g`L`!P6-!/-+;7%+!

('%0&$-)!H&%6!%6-!.(5,(;$)!K@%<'%A5\!0/-!%6-!+05-!H&%6!'(%6!:I#!,70+5&)+2!0$!

IoR!/0%&(!(<!g`M!&+!$-.-++0/*!%(!.(5,7-K!077!%6-!:I#`!#+!H&%6!%6-!=OR!,70+5&)2!%6-!

'-+%!/-+;7%+!H-/-!('%0&$-)!H&%6!%6-!)-$)/&5-/+!,0/%&077*! <;$.%&($07&F-)!1=3QR3"i!

0$)![=3QR3"1g`!



!

!

!

gM!

!

 2G PAMAM 5G PAMAM 2G-IP-16 2G-IP-30 5G-IP-128 5G-IP-254 

MW 3256 Da 28826 Da 6107 Da 8601 Da 51623 Da 74063 Da 

pGFP 
1:10 w/w 
16 N/P 

1:10 w/w 
13.3 N/P 

1:1 w/w 
0.9 N/P 

1:100w/w 
116 N/P 

1/10 w/w 
8.3 N/P 

1/100 w/w 
114 N/P 

pAd   
1:10 w/w 
8.7 N/P 

1:100w/w 
116 N/P 

1:10 w/w 
8.3 N/P 

1:10 w/w 
11 N/P 

;6(,B# XO# $BF3,=F# I(=6LPBJ# aL=H# =HB# LIPL>%'!&!&# JBNLU6=LUBF# LP# =BNEF# IS# aha#

+:!hJBPJNLEBNF#N6=LI`#6PJ#LP#=BNEF#IS#:h'#N6=LIR#&G^)@9'_j-RA5#AZX#+6`#&G^)!J_#j#5TRZX#

AZX#+6R#

!

Y-!('+-/Z-)!%60%!%6-!,0/%&077*!<;$.%&($07&F-)!)-$)/&5-/+!0/-!5(/-!-<<&.&-$%!

%60$! %6-! <;77*! <;$.%&($07&F-)! &($&.3R#>#>! )-$)/&5-/+! %(! .(5,7-K! %6-! :I#!

,70+5&)+! ;+-)`! P6-*! /-+;7%-)! %(! '-! -Z-$! 5(/-! -<<&.&-$%! %60%! %6-! .(55-/.&07!

R#>#>!)-$)/&5-/+!H&%6(;%!'-&$G!<;$.%&($07&F-)!&$!%6-!.0+-!(<!%6-!,=OR`!P6-!IoR!

/0%&(! /-+;7%+! ('%0&$-)!H&%6! %6-! )-$)/&5-/+! 0/-! +&5&70/!H(/?&$G!H&%6! %6-! +-.($)!

G-$-/0%&($! (/! H&%6! %6-! <&<%6! G-$-/0%&($! &$! %6-! .0+-! (<! %6-! ,=OR! H6&7-! H&%6! ,#)!

'-%%-/! /-+;7%+! H-/-! ('%0&$-)! H(/?&$G! H&%6! %6-! <&<%6! G-$-/0%&($2! (Z-/077! <(/! %6-!

%(%077*!<;$.%&($07&F-)!.(5,(;$)+`!

!



!

!

!

gB!

D'%$-(;$/<=>)(0"%0+$1"+(

! P6-! -<<&.&-$.*! (<! <!"#&'!! )-$)/&5-/! H0+! .(5,0/-)! %(! %6-! ($-! (<! %6-!

R#>#>! &($&.! )-$)/&5-/! 5@%<'%AX! &$! O&G;/-! ! BL`! P6-! .(5,(;$)! )-/&Z-)! </(5!

R#>#>!&+!0'7-!%(!<(/5!.(5,7-K-+!H&%6!:I#!0%!7(H-/!HoH!/0%&(+`!

!

!

9LM3NB##T0O#@B,#NB=6NJ6=LIP#6FF6QF#IS#LIPL>%(LF&'!#JBPJNLEBN#>IE),BbBF#aL=H#!J%',6ELJ#6PJ#

@9'%),6FELJR#

! !

Q$! %6-! P0'7-! i2! %6-! /-+;7%+! &$! %-/5+! (<! :I#o)-$)/&5-/! /0%&(+! H-/-!

-K,/-++-)`! O;$.%&($07&F&$G! %6-! )-$)/&5-/! c5d# %(! ('%0&$! %6-! &($&.! )-$)/&5-/!

<!"#&'!! 077(H-)! %(! &5,/(Z-! %/-5-$)(;+7*! %6-! &$%-/0.%&($+! '-%H--$! %6-! $;.7-&.!

0.&)+!0$)!%6-!.(5,(;$)`!P6-!IoR!/0%&(+!('%0&$-)!H&%6!%6-!<!"#&'!!)-$)/&5-/!0/-!

0,,/(K`!%-$!%&5-+!6&G6-/!%60$!%6-!($-!('%0&$-)!<(/!%6-!5@%<'%AX!)-$)/&5-/2!<(/!%6-!

'(%6!:I#!,70+5&)+!+%;)&-)`!!

!

!

!

!

!

!

!

!



!

!

!

g[!

 [2] IbisMPA 2G-IP-16 

MW 2442 Da 5293 Da 6107 Da 

pGFP 
1:80k w/w 

16161 N/P 

1:10 w/w 

10 N/P 

1:1 w/w 

0.9 N/P 

pAd 
1:1k w/w 

2222 N/P 

1:100 w/w 

100 N/P 

1:10 w/w 

8.7 N/P 

;6(,B#0O#$BF3,=F#I(=6LPBJ#aL=H#=HB#(LF%&'!#JBNLU6=LUB#cAd`#<(LF&'!#6PJ#5@%<'%AX#LP#=BNEF#IS#

aha#+:!hJBPJNLEBNF#N6=LI`#6PJ#LP#=BNEF#IS#:h'#N6=LIR#&G^)@9'_j-RA5#AZX#+6`#&G^)!J_#j#

5TRZX#AZX#+6R#

!

! P6&+!.(5,(;$)!,/-+-$%+!+&5;7%0$-(;+7*!&$%-/-+%&$G!/-+;7%+!&$!%-/5+!(<!:I#!

.(5,7-K&($!0$)!&$!%-/5+!(<!.-77!Z&0'&7&%*`!!



!

!

!

gi!



!

!

!

gL!

!"#$%&'("#')!

! #77!%6-!.(5,(;$)+!+*$%6-+&F-)2!<(;/!1)%3>R#!)-$)/&%&.!)-/&Z0%&Z-+!0$)!<(;/!

&($&.3R#>#>! )-$)/&5-/+2! H-/-! 0'7-! %(! <(/5! .(5,7-K-+! H&%6! ,70+5&)! :I#! (<!

)&<<-/-$%! +&F-+`! Q($&.3R#>#>! )-$)/&5-/+! 0/-! ,/(5&+&$G! .(5,(;$)+! '-.0;+-! (<!

%6-&/!0'&7&%*!%(!6&G67*!.(5,7-K!,70+5&)!:I#!0$)!%6-&/!7(H-/!%(K&.&%*!%60$!R#>#>!

)-$)/&5-/+! H&%6(;%! 5()&<&.0%&($+`! I-Z-/%6-7-++2! %6-! <!"#&'!! .(5,(;$)! H0+!

<(;$)! %(!'-! %6-!5(+%! &$%-/-+%&$G!($-!'-.0;+-!(<! &%+! 7(H!.*%(%(K&.&%*! 0$)! &%+!6&G6!

0'&7&%*!%(!.(5,7-K!:I#`!!

! !

93=3NB#GINDO#

! P(! .($<&/5! %6-! /-+;7%+! ('%0&$-)2! ),4 6)3-'! $;.7-&.! 0.&)+! %/0$+<-.%&($! 0++0*+!

0/-!$-.-++0/*`!

P(!<(77(H!%6&+!H(/?2!)&<<-/-$%!G-$-/0%&($!(<!&($&.!)-$)/&5-/+!'0+-)!($!1)%3

>R#! .(;7)! '-! ,/-,0/-)! %(! Z07;-! %6-! G-$-/0%&($07! -<<-.%! ($! %6-! .(5,7-K&($! (<!

$;.7-&.! 0.&)+`! O;/%6-/5(/-2! 1)%3>R#! )-/&Z0%&Z-+! .(;7)! '-! ;+-)! %(! <(/5! +-7<3

0++-5'7&$G!50./(5(7-.;7-+`!!

! Q$! %6-! .0+-! (<! %6-! &($&.! R#>#>! )-/&Z0%&Z-+2! %6-! .*%(%(K&.&%*! .(;7)! '-!

&5,/(Z-)! 5()&<*&$G! %6-! 5(7-.;7-! H-0/&$G! %6-! 0.&)2! <(/! &$+%0$.-! H&%6! 0! 70/G-/!

,(7*-%6*7-$-!G7*.(7!,0/%`!



!

!

!

gg!



!

!

!

gj!

!"#$%&'$()*+,#*%)!

!"#"$%&'(")*+,-+

#77!%6-!,/();.%+!-K.-,%!+,-.&<&.0%&($+!H-/-!,;/.60+-)!</(5!#7)/&.6`!!

"S3I>X!0$)!"MD3I>X!-K,-/&5-$%+!H-/-!,-/<(/5-)!;+&$G!0!9/;?-/!#A#IDN!

BCC!(/!;+&$G!0!9/;?-/!#>tMCC!(,-/0%&$G 0%!BCC!(/!MCC!>SF!0$)!"CC!(/!iC!>SF!

/-+,-.%&Z-7*`! D:D7M2! >-l:2! 0$)! :1l! H-/-! ;+-)! 0+! +(7Z-$%+2! .6-5&.07! +6&<%+! 0/-!

G&Z-$!&$!,,5!/-70%&Z-!%(!P>@2!0$)!%6-!+(7Z-$%!/-+&);07!,-0?!H0+!;+-)!0+! &$%-/$07!

+%0$)0/)`!

>@! 0$07*+-+!H-/-! ,-/<(/5-)! ;+&$G! 0$! N@Q3&($3PX#R! 9/;?-/! N+E;&/-MCCC!

,7;+!+,-.%/(5-%-/!(/!9/;?-/!>&./(O7-K!<(/!>#V:Q!&($&F0%&($`!

#$07*+&+!-7-5-$%07!)0%0!H-/-!('%0&$-)!;+&$G!0!R-/?&$!N75-/!1BCC!+-/&-+!QQ!

5&./(0$07*+-/`!

P6-! &$</0/-)! +,-.%/0! (<! 077! %6-! .(5,7-K-+! H-/-! ('%0&$-)! H&%6! 0! >0%%+($!

=-$-+&+! QQ! OPQX! 0$)! s#D@l! OPoQX3B"CC! 0,,0/0%;+! &$! %6-! BCC3BCCC! .53"! +,-.%/07!

/0$G-!&$!#PX!5()-2!;+&$G!w9/2!$;*(7!(/!(Z-/!I0D7!.-77+`!

=-7+! <(/! /-%0/)0%&($! 0++0*! H-/-! /-Z-07-)! ;+&$G! 0! @*$G-$-! =-$-! =-$&;+!

9&(&50G&$G!+*+%-5!)-Z&.-`!



!

!

!

jC!

!"#$%&'(')*+)!"#-!"#$%&'()*+()&,+

! #+! %6-! +05-! +*$%6-%&.! ,/(.-++-+! 60Z-! '--$! ;+-)! <(/! %6-! ,/-,0/0%&($! (<!

+-Z-/07! )&<<-/-$%! .(5,(;$)+2! %6-! G-$-/07! ,/(.-);/-+!H&77! '-! )-+./&'-)! 0$)! -0.6!

.(5,(;$)!H&77!'-!/-<-//-)!%(!%6-!0,,/(,/&0%-!5-%6()`!

#

;Q)L>6,#)NI>BJ3NB#SIN#/=BM,LFH#BF=BNLSL>6=LIP#^!_O#

#

#

#

"!-E!(<! %6-!07.(6(7!0$)!"`1!-E!(<! %6-!.0/'(K*7&.!0.&)!H-/-!)&++(7Z-)!&$!)/*!

)&.67(/(5-%60$-!H&%6!C`B!-E!(<!:RP@!4,-/!6*)/(K*7!G/(;,!%(!<;$.%&($07&F-82!;$)-/!

0/G($! 0%5(+,6-/-`! Y6-$! %6-! ,/();.%+! H-/-! $(%! %(%077*! +(7;'7-! &$!

)&.67(/(5-%60$-2! 0! <-H! 05(;$%! (<! )/*! )&5-%6*7<(/505&)-! H0+! 0))-)`! #<%-/!

.(5,7-%-!)&++(7;%&($!(<!%6-!,/();.%+2!%6-!<70+?!H0+!.((7-)!%(!C�D!0$)!"`1!-E!(<!:DD!

4,-/!6*)/(K*7!G/(;,!%(!<;$.%&($07&F-8!&$!)/*!)&.67(/(5-%60$-!H0+!0))-)!)/(,H&+-`!

P6-! /-0.%&($! 5&K%;/-! H0+! +%&//-)! 0%! /((5! %-5,-/0%;/-! 0$)! ;$)-/! 0/G($!

0%5(+,6-/-! <(/! 1B! 6`! P6-$2! %6-! :DU! <(/5-)!H0+! /-5(Z-)! '*! <&7%/0%&($! 0$)! %6-!

+(7Z-$%! -Z0,(/0%-)! %(! G&Z-! %6-! ./;)-! ,/();.%2! H6&.6! H0+! ,;/&<&-)! '*! .(7;5$!

.6/(50%(G/0,6*`!

!

;Q)L>6,#)NI>BJ3NB#SIN#JB)NI=B>=LIP#IS#!"#%&'!#6,>IHI,#MNI3)F#^"_O#

#

#

!

9-<(/-! /-0.%&($2! :(H-K! S~! /-+&$!H0+!H0+6-)!H&%6!5-%60$(7! 0$)! <&7%-/-)`!

P6-!,/(%-.%-)!,/();.%!H0+!)&++(7Z-)!&$!5-%60$(7!0$)!:(H-K!/-+&$!S~!H0+!0))-)!

4)-$)/($o:(H-K!"e1!HoH8`!P6-!/-0.%&($!H0+!077(H-)!%(!+%&/!0%!/((5!%-5,-/0%;/-!

<(/!1!%(!1B!6(;/+!)-,-$)&$G!(<!%6-!)-$)/($!G-$-/0%&($`!P6-$2!%6-!/-+&);-!(<!:(H-K!

R1 OH R2 OH

O

DCC/DPTS

CH2Cl2

R1 O R2

O

O

O

R1O

O

DOWEX H
+

MeOH

OH

OH

R1O

O



!

!

!

j"!

H0+!<&7%-/-)!(<<!0$)!%6-!+(7Z-$%!H0+!-Z0,(/0%-)!;$)-/!/-);.-)!,/-++;/-!%(!G&Z-!%6-!

,;/-!,/();.%`!

!

;Q)L>6,#)NI>BJ3NB#SIN#JB)NI=B>=LIP#IS#6ELPB#MNI3)F#^*_O#

#

#

#

P6-! ,/();.%! H0+! )&++(7Z-)! &$! 0! +(7;%&($! (<! 5-%60$(7! (/! -%6*7! 0.-%0%-!

+0%;/0%-)!H&%6!6*)/(.67(/&.!0.&)!4G0F8!0$)!H0+!0G&%0%-)!<(/!"C!5&$;%-+!%(!"!6(;/`!

P6-!<(/50%&($!(<!0!H6&%-!,/-.&,&%0%-!H0+!('+-/Z-)`!P6-!/-+&);-!H0+!.($.-$%/0%-)!

0$)!)/&-)!;$)-/!/-);.-!,/-++;/-!%(!G&Z-!%6-!,;/-!,/();.%!0+!0!,07-!*-77(H!(/!H6&%-!

+(7&)!&$!0!E;0$%&%0%&Z-!*&-7)`!!!

!

;Q)L>6,#)NI>BJ3NB#SIN#JBPJNLEBN#MBPBN6=LIP#MNIa=H#^+_O#

#

#

#

R-$%0-/*%6/&%(7! (/! =3"! )-$)/&5-/! 4"! -E8! 0$)! :>#R! 4C`g! -EolS8! H-/-!

)&++(7Z-)! &$! )/*! ,*/&)&$-! 0$)! %6-$! )&7;%-)! H&%6! )/*! )&.67(/(5-%60$-! 4"eM! ZoZ!

,*/&)&$-o)&.67(/(5-%60$-8`! @(7&)! 1)%3>R#! 0$6*)/&)-! 4i! -EolS8! H0+! 0))-)! 0$)!

%6-! /-0.%&($!5&K%;/-! H0+! 077(H-)! %(! +%&/! 0%! /((5! %-5,-/0%;/-! <(/! [! 6(;/+`! P6-!

-K.-++! (<! 0$6*)/&)-! H0+! E;-$.6-)! '*! +%&//&$G! %6-! /-0.%&($! 5&K%;/-! H&%6! "e"!

S1le,*/&)&$-! +(7;%&($! (Z-/$&G6%`! P6-! (/G0$&.! ,60+-!H0+! )&7;%-)!H&%6! 1CC!5V! (<!

DS1D71!0$)!-K%/0.%-)!H&%6!I0S@lB!">!4M!K![C!5V82!I01DlM!"Cu!4M!K![C!5V8!0$)!

'/&$-! 4"! K! [C!5V8`! P6-! (/G0$&.! ,60+-!H0+! )/&-)! (Z-/! 0$6*)/(;+!>G@lB!0$)! %6-!

+(7Z-$%!-Z0,(/0%-)!%(!G&Z-!%6-!,;/-!,/();.%!0+!0!H6&%-!+(7&)`!!

!

R1

H
N O

O MeOH

HCl(g)
R1

NH2

R1 OH O

OO

O

OO

O PhPh

DMAP, pyridine

CH2Cl2 R1 O

O

O

O

Ph



!

!

!

j1!

;Q)L>6,#)NI>BJ3NB#SIN#JB)NI=B>=LIP#IS#JBPJNLEBN#.?#MNI3)F#^8_O#

#

!

!

P6-! ,/(%-.%-)! )-$)/&5-/! H0+! )&++(7Z-)! &$! 0! <-H! 05(;$%! (<!

)&.67(/(5-%60$-!0$)!%6-!+(7;%&($!H0+!)&7;%-)!H&%6!5-%60$(7`!R)oD!"Cu!41Cu!&$!

H-&G6%! (<! )-$)/&5-/8! H0+! 0))-)! %(! %6-! +(7;%&($! 0$)! %6-! /-0.%&($! 5&K%;/-! H0+!

+%&//-)!;$)-/!S1!0%5(+,6-/-!4"!0%5`8!(Z-/$&G6%`!P6-$2!%6-!.0%07*+%!H0+!<&7%-/-)!(<<!

(Z-/! .-7&%-! 0$)! H0+6-)! H&%6! 5-%60$(7`! P6-! +(7Z-$%! H0+! -Z0,(/0%-)! %(! G&Z-! %6-!

,;/-!,/();.%!0+!0!H6&%-!+(7&)`!#

!

R1 O

O

O

O

Ph
H2, Pd/C

CH2Cl2/MeOH R1 O

O

OH

OH



!

!

!

jM!

=#.&'.&2*"5+3+<9@9<!"#KF+-4.L2M&'.&".3",%),"5%K8<8M%

%
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The product 1-6 was obtained by Steglish esterification (A). The crude product was 

purified by column chromatography eluting with a mixture 7:3 of Hexane:EtOAc. 

Yield: 75 %. Transparent oil. 
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P6-!,/();.%!"3g!H0+!('%0&$-)!'*!@%-G7&+6!-+%-/&<&.0%&($ (A). The crude product was 

purified by column chromatography eluting with a mixture 1:1 of Hexane:EtOAc. 

Yield: 78 %. White solid. 
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The pure product was obtained in a 20% yield (201 mg, 76 "mol) as a white solid.4
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!

i)  ii)

i) 6-(tert-butoxycarbonylamino)hexanoic acid, DCC, DPTS, CH2Cl2
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Q$!(;/!.0+-2!%6-!05&)-!'($)!H0+!<(/5-)!;+&$G!"`1!-E!(<!S#PU!0$)!"`1!-E!(<!
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>IP>BP=N6=LIP#IS#@J#^E&_R#@6LP;AjKK`#M6LP;5jK-R##

!

P6-! /-70K&Z&%*! )0%0! -"! 0$)! -1! (<! %6-! )-$)/($! (<! <&/+%! G-$-/0%&($! H-/-!

)-);.-)! </(5! %6-! G/0)&-$%! (<! %6-! .;/Z-+! ('%0&$-)`! @;,,(+&$G! %60%! '(%6! (<! %6-!

:lP#!G/(;,+!H-/-!7(0)-)!H&%6!G0)(7&$&;5e!-"!|!B`"M!5>=)
3"`+3"2!-1!|!B`gL!5>=)

3"`+3

"`!P6-!/-70K&Z&%*!&+!-K,/-++-)!&$!5>!(<!G0)(7&$&;5`!
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>IP>BP=N6=LIP#IS#@J#^E&_R#@6LP;AjKT`#M6LP;5jKTR#

!

Q$!%6-!.0+-!(<!%6-!+-.($)!G-$-/0%&($!)-$)/($2!%6-!Z07;-+!(<!/-70K&Z&%*2!'A#j#

5RKZ#E&@J
%ARF%A!0$)!'5#j#5R]K#E&@J
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%6-!077!%6-!:lP#!G/(;,+!H-/-!$(%!7(0)-)!H&%6!G0)(7&$&;5!4H-!.($+&)-/-)!0!"CCu!

7(0)&$G!-<<&.&-$.*!<(/!%6-!.07.;70%&($!(<!%6-!.($.-$%/0%&($8`!

!

Q<!H-!.(5,0/-!%6-!Z07;-+!('%0&$-)!&$!'(%6!.0+-+!H&%6!%6-!/-70K&Z&%*!Z07;-+!(<!

@J^<<<_%+.;!! 4P0'7-! g82! H-! .0$! ('+-/Z-! %60%! %6-*! 0/-! Z-/*! +&5&70/`! Y-! .0$!

.($.7;)-!%60%!%6-!;$&($!(<!:lP#!H&%6!(;/!)-$)/($+!)(-+!$(%!0<<-.%!/-50/?0'7*!&%+!

-<<&.&-$.*`!!
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# @J^<<<_%+.;!! @A#JBPJNIP! @5#JBPJNIP! 7PL=#

'A## M`C! B`"M! 1`[C! 5>3"
=)`+3"!

'8% T4 M2;R4 :D2DD4 &</:
(+,(-',2%/:4

'5## M`j! B`gL! 1`j[! 5>3"
=)`+3"!

'9% T4 V2UC4 ::2MD4 &</:
(+,(-',2%/:4
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! #7%6(;G6!%6-!/-70K&Z&%*!(<!%6-!+-.($)!G-$-/0%&($!)-$)/($!&$!%-/5+!(<!5>!(<!

G0)(7&$&;5!&+!7-++!-7-Z0%-)!%60$!%6-!($-!(<!%6-!<&/+%!G-$-/0%&($!)-$)/($2!&%+!;+-!&+!

5(/-!&$%-/-+%&$G!&<!H-!7((?!0%!%6-!G7('07!/-70K&Z&%*!&$!5>!(<!)-$)/($`!O(/!%6-!<&/+%!

G-$-/0%&($! )-$)/($!H-! ('%0&$-)! 0! 'A^@A_! (<! 0'(;%!\R-# E&%A
JBPJNIPRF%A4H6&.6!H0+!

&5,/(Z-)!%(!'A^@5_#|!AZ#E&%A
JBPJNIPRF%A4H6-$!;+&$G!%6-!+-.($)!G-$-/0%&($!)-$)/($`!!

!

@2%&."/$/(,%0(-.,+,-&"+$O,&$'%('#(&."(&,+5"&$%5(*,+&(

P6-!50&$!&)-0!&+!%(!%0/G-%!%6-!)-$)/($3:lP#!.($^;G0%-+!%(!.0$.-/(;+!.-77+!

&$!(/)-/!%(!60Z-!0$!0..;/0%-!Z&-H!'*!>XQ!(<!%6-!7(.0%&($!(<!%6-!%;5(/!(/!5-%0+%0%&.!

.-77+`!Q$!(/)-/!%(!)(!+(2!H-!)-.&)-)!%(!H(/?!H&%6!%H(!)&<<-/-$%!%0/G-%&$G!5(&-%&-+e!

<(7&.!0.&)!0$)!0$%&SNX1!5($(.7($07!0$%&'()*`!!

!

9I,L># 6>LJ2! (<!H6&.6! %6-! /-.-,%(/! 49$8!H0+! +6(H$! %(!'-!(Z-/-K,/-++-)! &$!

Z0/&(;+! .0$.-/(;+! .-77! 7&$-+! 4O&G;/-! ! [g82! &+! 0$! &$%-/-+%&$G! 5(7-.;7-! <(/! %6-!
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%0/G-%&$G!(<!(;/! .($%/0+%! 0G-$%+`"B"!P6-!;%&7&F0%&($!(<! %6-! <(70%-! /-.-,%(/! <(/!)/;G!

)-7&Z-/*!.0$!'-!.(5,0/-! %(!0!P/(^0$!6(/+-!+&$.-! %6-!)/;G+!0%%0.6-)! %(! %6-! <(70%-!

0/-!+6;%%7-)!&$+&)-!%6-!%0/G-%-)!OX3,(+&%&Z-!.-77+`!P6-!<(7&.!0.&)!5(7-.;7-!60+!0!Z-/*!

6&G6!0<<&$&%*!<(/!%6-!/-.-,%(/!0$)!077(H+!&%+!-<<-.%&Z-!%0/G-%&$G`!!

!

!

9LM3NB##K\O#9$#Bb)NBFFLIP#LP#FB,B>=BJ#FI,LJ#=3EINF#JB=BNELPBJ#)NLE6NL,Q#(Q#

LEE3PIHLF=I>HBEL>6,#6P6,QFLF#IS#>6P>BN#=LFF3B#EL>NI6NN6QF#3FLPM#6#EIPI>,IP6,#<M@#=I#9$R#

!J6)=BJ#SNIE#:R#'6NDBN#B=#!,RATA#

!

P6-!(%6-/!+%/0%-G*!&+!%(!;+-!6P=L(IJLBF!)&/-.%-)!%(H0/)!0!+,-.&<&.!/-.-,%(/`!

P6-!SNX1!/-.-,%(/! &+! 0!5-5'-/!(<! %6-!-,&)-/507!G/(H%6! <0.%(/! /-.-,%(/! 4N=OX2!

N/'92!I-;8!<05&7*`!#5,7&<&.0%&($!(/!(Z-/3-K,/-++&($!(<!%6&+!G-$-!60+!'--$!+6(H$!%(!

,70*!0$! &5,(/%0$%!/(7-! &$! %6-!,0%6(G-$-+&+!0$)!,/(G/-++&($!(<!.-/%0&$!0GG/-++&Z-!

%*,-+! (<! '/-0+%! .0$.-/! 0$)2! &$! /-.-$%! *-0/+2! &%! 60+! -Z(7Z-)! %(! '-.(5-! 0$!

&5,(/%0$%!'&(50/?-/!0$)!%0/G-%!(<!%6-/0,*!<(/!%6-!)&+-0+-`"B1!O(/!%6-+-!/-0+($+!&%!

&+! &$%-/-+%&$G! %(! ;+-! %6-! 5($(.7($07! 0$%&'()*! 6P=L?8$5! &$! %0/G-%&$G! .($%/0+%!

0G-$%+!%(!.0$.-/(;+!.-77+`!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
";"
!+\!R$!Q+.)'./!N$0$!K7.)/!@$!5'8-.C3)/!0$&$!6'*C8/!Q$O$!62*/!X$Q$!6'+L2("!?*&0(!G./@+,1("!(''&"!HHR/!<=;H

<>I_!^\!Q$O$!62*!+(4!O$J$!17,+.+-('/!<C::(!9T.*(!<+,1(!G./0("!(''""!7H/!<GWH<W<$! 
";<
!+\! O$! O3B2,,/! Q$!A'7['^23/!Q$!Q27C,,+.-/!?**(!9*@/0("!(''!"! 7A/! O="HO=?_!^\! O$!NY(+.4/!Q$!X+8+,C(C/!N$!

X+LUC:,C2/!O$!Q7U+/!J$!J:.'8-C/!@$!KC:,C+^7'/!?**(!9*@/0("!(''!"!7A"!O"GHO">$!

atherosclerosis, sarcoidosis, osteoarthritis, organ trans-
plant rejection, ulcerative colitis, and localized infection
(Figure 1a,b). In contrast, all individuals display uptake of
folate conjugates in their kidneys (Figure 1c), where FR
(a-isoform) expression is limited to the apical surface of
the proximal tubules. At this location, FR-a serves to
capture folates (and folate conjugates) from the nascent
urine and transcytose them back across the kidney epi-
thelium to the blood stream [33]. Thus, kidney FR
function as a salvage receptor to prevent loss of this

important vitamin in the urine. Because most folate
conjugates are not retained in the kidneys, no kidney
toxicity has ever been observed in either animals or
humans treated with folate-chemotherapeutic agent con-
jugates [34–35,36!!,37–39].

In all tissues where FR is expressed, the receptor has
been observed to internalize the attached vitamin/vita-
min-conjugate via a process termed receptor-mediated
endocytosis [40,41,42,43!!]. In this process, multiple FR
are seen to cluster on the cell surface, perhaps within lipid
rafts, and invaginate to form an early endosome
[11,43!!,44]. This early endosome is uniquely suited to
assist in drug delivery, since it has been found to contain
considerable reducing power, allowing for rapid release of
drugs linked to folate via a disulfide bond [43!!]. More
importantly, the early endosomes do not remain long at
the cell periphery, but rather traffic immediately to a
recycling center near the cell nucleus, where the vitamin
is separated from its released cargo into distinct vesicles
[43!!,44]. Thus, within this recycling center, the released
drug is sorted into an endosome that remains near the cell
nucleus, whereas the receptor is moved to a separate
endosome that recycles back to the cell surface
[43!!,44,45]. Since some researchers reading this article
may be interested in targeting nanoparticles, dendrimers,
lipoplexes, block copolymers, or liposomes, it should be
emphasized that multivalent folate conjugates (e.g. lipo-
somes containing multiple attached folates) do not follow
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Table 1

Folate receptor expression in selected solid tumors determined
primarily by immunohistochemical analysis of cancer tissue
microarrays using a monoclonal IgG to FR-a.

Cancers
(solid tumors)

New cases
per year in US

%FR FR-expressing
cancers/year

Breast 176 300 48 84 624
Lung 171 600 78 133 848
Uterus 37 400 90 33 660
Colon-rectum 129 400 32 41 408
Ovarian 25 200 90 22 680
Kidney 30 000 75 22 500
Head/neck 39 750 52 20 670
Brain and CNS 16 800 90 15 120
Gastric 26 700 38 10 146
Pancreatic 28 600 13 3718
Endocrine 19 800 14 2772
Testicular 7400 17 1258

Total 708 950 392 404

Figure 1

Gamma scintigraphic images of (a) hand and (b) foot of rheumatoid arthritis patients using EC20 (folate-99mTc). Gamma scintigraphic images of (c)
healthy volunteer and (d) ovarian cancer patient using 111In-DTPA- folate. (With kind permission from Springer Science + Business Media: Cancer
Metastasis Reviews ‘‘Tumor Detection using Folate Receptor-targeted Imaging Agents’’ 27 (2008), 655–664. Sega, E.I. and Low, P.S.)

www.sciencedirect.com Current Opinion in Chemical Biology 2009, 13:256–262
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(such as protein A) may be employed. Most monoclonals that can be successfully purifi ed while 
maintaining activity also will be stable enough to withstand the rigors of chemical modifi ca-
tion. Occasionally, however, a particular monoclonal will be partially or completely inactivated 
through the modifi cation reaction. Sometimes this activity loss is caused by physically block-
ing the antigen binding sites during conjugation. In other cases, conformational changes in the 
complementarity-determining regions are the cause of the problem. If the antigen binding site 
is merely being blocked, then choosing an appropriate site-directed chemistry may solve the 
problem. On the other hand, some monoclonals are too labile to undergo modifi cation reac-
tions, regardless of the coupling method. Trial and error often is necessary when working with 
monoclonals to determine if modifi cation will severely affect activity. 

The unique structural characteristics of antibody molecules supply a number of choices for 
modifi cation and conjugation schemes (Roitt, 1977; Goding, 1986; Harlow and Lane, 1988a, 
b, c). The chemistry used to effect conjugate formation should be chosen to yield the best pos-
sible retention of antigen binding activity. A detailed illustration of antibody structure is shown 
in Figure 20.1   . The most basic immunoglobulin G molecule is composed of two light and two 
heavy chains, held together by noncovalent interactions as well as a number of disulfi de bonds. 
The light chains are disulfi de-bonded to the heavy chains in the C L and C H  1 regions, respec-
tively. The heavy chains are in turn disulfi de-bonded to each other in the hinge region. 

The heavy chains of each immunoglobulin molecule are identical. Depending on the class of 
immunoglobulin, the molecular weight of these subunits ranges from about 50,000 to around 

Figure 20.1        Detailed structure of an IgG antibody molecule.    
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Figure 20.9        Polysaccharide groups on antibody molecules may be oxidized with periodate to create aldehydes. 
Modifi cation with biotin-hydrazide results in hydrazone linkages. The sites of modifi cation using this technique 
often are away from the antibody–antigen binding regions, thus preserving antibody activity.    

  7.   Block unreacted aldehyde sites by addition of 50      !l of 1    M ethanolamine, pH 9.6, per ml 
of conjugation solution. Approximately a 1    M ethanolamine solution may be prepared 
by addition of 300      !l ethanolamine to 5    ml of deionized water. Adjust the pH of the eth-
anolamine solution by addition of concentrated HCl, while keeping the solution cool on ice. 

  8.   React for 30 minutes at room temperature. 
  9.   Purify the conjugate from excess reactants by dialysis or gel fi ltration using desalting 

resin. Use 0.01    M sodium phosphate, 0.15    M NaCl, pH 7.0, as the buffer for either oper-
ation. The conjugate may be further purifi ed by removal of unconjugated enzyme by one 
of the methods of Section 1.5, this chapter.      
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Q$! %6-! .0+-! (<! %6-! .(5,(;$)! <(/5-)! 0%! %6-! $-K%! /-0.%&($! +%-,! 4LL2!

NHIc@-^:?"I>_\d82! %6-! <(/50%&($! (<! %6-! %/&0F&)-! .*.7-! H0+! .($<&/5-)! '*! %6-!

)&+0,,-0/0$.-!(<!%6-!3D"D?! %/&,7-%!0%!1`B1!,,52!0$)!%6-!+6&<%!(<!%6-!)(;'7-%!</(5!

B`i1!,,5!4WD?13D"DS8! %(![`1M!,,5!4WD?13D|D3I8`!9-+&)-+2! %6-!0,,0/&%&($!(<! %6-!

+&$G7-%!,-0?!);-!%(!%6-!,/(%($!($!%6-!%/&0F&)-!.*.7-!0%!L`g[!,,5!H0+!('+-/Z-)`!



!

!

!

"["!

!

P6-!<7;(/-+.-$.-!-5&++&($!&$%-$+&%*!(<!%6-!<&$07!.(5,(;$)2!NHIc@-^:?5_\d2!

H0+!+%;)&-)!&$!<;$.%&($!(<!&%+!.($.-$%/0%&($`!P6-!50K&5;5!(<!-5&++&($!H0+!<(;$)!

0%![gC!$5!4O&G;/-!!iL8`!!

!

9LM3NB##X0O#8ELFFLIP#F)B>=N3E#IS#NHIc@-^:?5_\d#LP#S3P>=LIP#IS#L=F#>IP>BP=N6=LIP#LP#EMhECR#

;HB#)B6D#IS#Bb>L=6=LIP#6))B6NF#6=#KTZ#PER#

!

N.3)&)E$3)',4'Z4$,3)1'(X/(+,(-',4-+$H3)',G4

!

P6-! <7;(/-+.-$%! )-/&Z0%&Z-! H0+! '(;$)! <&/+%! %(! 0! ,(7*.7($07! 0$%&'()*!

46(/+-/0)&+62!@&G50!RLgjj82!&$!(/)-/!%(!(,%&5&F-!%6-!/-0.%&($`!P6-!,/(.-);/-!H0+!

0)0,%-)! </(5!9&(.($^;G0%-! %-.6$&E;-+!1CCg`"BL!9/&-<7*2! %6-!.(Z07-$%!'($)&$G!H0+!

('%0&$-)!'*!%6-!<(/50%&($!(<!@.6&<<!'0+-+!%60%!0/-!,/();.-)!</(5!0$!05&$-!0$)!0!

.0/'($*7! G/(;,! 407)-6*)-! (/! ?-%($-8! '*! $;.7-(,6&7-! 0))&%&($! <(/5&$G! 0!

6-5&$05&$07`! P6&+! /-0.%&($! &+! <(77(H-)! '*! )-+6*)/0%0%&($! %(! G-$-/0%-! 0$! &5&$-!

4O&G;/-!!ig8`!!

Q$! (/)-/! %(! <(/5! %6-! )-+&/-)! 07)-6*)-2! %6-! 0$%&'()*! 4#98! +;G0/+! H-/-!

(K&)0%-)! ;+&$G! +()&;5! ,-/&()0%-! 4I0QlB2! "CCC-E8`! #<%-/! ,;/&<&.0%&($! '*! G-7!

-K.7;+&($! .6/(50%(G/0,6*! 4@-,60)-K! .(7;5$2! =N! S-07%6.0/-82! %6-! )-$)/($! H0+!

0))-)!0$)!%6-!5&K%;/-!0G&%0%-)!<(/!1!6(;/+`!P6-$2!.*0$('(/(6*)/&)-!H0+!0))-)!0+!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
";?
!%$K$!M'.L+(82(/!G./@/*[C;&',!',@+*.WC,-!(''#/!@,8'9C'.$!

C!

"CC!

1CC!

MCC!

BCC!

[CC!

iCC!

LCC!

gCC!

jCC!

"CCC!

[CC! iCC! LCC! gCC!

9
,3
I
NB
F>
B
P
>B
#B
E
LF
FL
I
P
#

G6UB,BPM=H#^PE_#

Emission spectrum in function of the concentration in mg/mL 

M2[jN3CB!

"2LjN3CB!

g2jLN3C[!

B2BjN3C[!

121BN3C[!

"2"1N3C[!

[2i"N3Ci!

12gCN3Ci!

"2BCN3Ci!



!

!

!

"[1!

0! /-);.%&Z-! 0G-$%! <(/! %6-! +%0'&7&F0%&($! (<! %6-! @.6&<<! '0+-+! <(/5-)`! O&$077*2! %6-!

;$/-0.%-)! 07)-6*)-! G/(;,+!H-/-! '7(.?-)! ;+&$G! -%60$(705&$-`! P6-! <&$07! ,/();.%!

H0+! ,;/&<&-)! '*! -K.7;+&($! .6/(50%(G/0,6*! &$! (/)-/! %(! -7&5&$0%-! %6-! -K.-++! (<!

/6()05&$-!)-$)/($2!(%6-/!/-0G-$%+2!0$)!+07%+`!!

!

!

9LM3NB##X\O#9INE6=LIP#IS#=HB#/>HLSS#(6FBF#(Q#NB6>=LIP#(B=aBBP#=HB#>IE)I3PJ#6ELPBF#6PJ#=HB#

6,JBHQJB#MNI3)F#MBPBN6=BJ#(Q#)NBULI3F#IbLJ6=LIP#IS#=HB#6P=L(IJQR#

!

Q<!%6-!.(;,7&$G!(<!%6-!)-$)/($!H&%6!%6-!0$%&'()*!H-/-!-<<&.&-$%2!%6-!0$%&'()*!

H(;7)! H-0/! 0! <7;(/-+.-$%! 70'-7&$G! %60%! .(;7)! '-! +--$! '*! <7;(/-+.-$.-! -5&++&($!

+,-.%/(+.(,*`! Q$! %6-! .0+-! (<! %6-! 0$%&SNX1! 5#'2! &%! H(;7)! 07+(! 077(H! %6-!

Z&+;07&F0%&($! (<! %6-! 50/?&$G! &$! SNX1! /-.-,%(/! ,(+&%&Z-! .-77+! '*! <7;(/-+.-$%!

5&./(+.(,*`!!!

!

P6-!)&<<-/-$%!+%-,+!(<!%6-!.(;,7&$G!H-/-!/-07&F-)!0%!Z0/&(;+!,S!&$!(/)-/!%(!

(,%&5&F-!%6-!/-0.%&($!4P0'7-!"C8`!Q$!%6-!7&%-/0%;/-21B!%6-!/-0.%&($!&+!/-07&F-)!0%!,S!

j`i`!S(H-Z-/2!0+!H-!.(;7)!+--!&$!%6-!D60,%-/!"2!(;/!)-$)/&%&.!.(5,(;$)+!0/-!-0+&7*!

)-G/0)-)! &$! 07?07&$-! .($)&%&($+`! P6&+! &+! %6-! /-0+($!H6*!H-! $--)-)! %(! 0)0,%! %6-!

,/(%(.(7!%(!(;/!,0/%&.;70/!.0+-2!0$)!+--!&<!%6-!/-0.%&($!.(;7)!'-!.0//&-)!(;%!&$!0.&)!

.($)&%&($`!!

!

!

!

!

!

!



!

!

!

"[M!

# .bLJ6=LIP#

/>HLSS#(6FB#

9INE6=LIP#

&6b#9,3INBF>BP>B#

LP=BPFL=Q#

!# ,S!g! ,S!g! L[!

"# ,S![! ,S!g! ii!

/% .>4S4 .>4S4 :MV4

;6(,B#AZO#*IPJL=LIPF#IS#NB6>=LIP#6PJ#E6bLE3E#S,3INBF>BP>B#LP=BPFL=QR#

!!

#+!H-!.0$!('+-/Z-!&$!%6-!O&G;/-!!ij2!%6-!'-+%!.($)&%&($!H0+!<(;$)!0%!,S![2!

H6-/-!5(/-!<7;(/-+.-$.-!&$%-$+&%*!H0+!('%0&$-)2!5-0$&$G!%60%!5(/-!)-$)/($!H0+!

0%%0.6-)! %(! %6-! 0$%&'()*`! P6&+! /-+;7%! .($<&/5+! %6-! ,(++&'&7&%*! (<! 5()&<*&$G! %6-!

0$%&'()*!H&%6(;%!)-G/0)&$G!%6-!)-$)/&%&.!;$&%`!!

!

!

9LM3NB# # X]O# 9,3INBF>BP>B# BELFFLIP# F)B>=N3E# IS# =HB# )NIJ3>=F# IS# =HB# !"%JBPJNIP# NB6>=LIP#

NB6,LVBJ#LP#=HB#>IPJL=LIPF#!#^6,,#=HB#F=B)F#6=#)?#\_`#"#^IbLJ6=LIP#IS#=HB#!"#6=#)?#K`#NB6>=LIP#

aL=H#=HB#NHIc@-^:?5_\d#6=#)?#\_`##6PJ#*#^6,,#=HB#F=B)F#6=#)?#K_R#;HB#)B6D#IS#Bb>L=6=LIP#6))B6NF#

6=#KTZ#PER#

#

! !

P6-!/6()05&$-35()&<&-)!0$%&'()*2!('%0&$-)!H&%6!%6-!/-0.%&($!.($)&%&($!*2!

H0+! .60/0.%-/&F-)! '*! /+/%'!@8`! @:@3R#=N2! @()&;5! :()-.*7! @;7,60%-!

R(7*#./*705&)-!=-7!N7-.%/(,6(/-+&+2!&+!;+-)!%(!+-,0/0%-!,/(%-&$+!0..(/)&$G!%(!%6-&/!

C!

"CC!

1CC!

MCC!

BCC!

[CC!

[CC! [[C! iCC! i[C! LCC! L[C!
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FL
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P
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P
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a6UB,BPM=H#PE#

#!

9!

D!



!

!

!

"[B!

-7-.%/(,6(/-%&.!5('&7&%*! 40! <;$.%&($! (<! %6-! 7-$G%6! (<! 0! ,(7*,-,%&)-! .60&$! 0$)! &%+!

.60/G-8`!Q$!5(+%!,/(%-&$+2!%6-!'&$)&$G!(<!@:@!%(!%6-!,(7*,-,%&)-!.60&$!&5,0/%+!0$!

-Z-$!)&+%/&';%&($!(<!.60/G-!,-/!;$&%!50++2! %6-/-'*!/-+;7%&$G! &$!0! </0.%&($0%&($!'*!

0,,/(K&50%-! +&F-! );/&$G! -7-.%/(,6(/-+&+`! P6-! ,/(%-&$! %(! '-! 0$07*F-)! &+! 5&K-)!

H&%6!@:@2! 0$! 0$&($&.! )-%-/G-$%! %60%! )-$0%;/-+! +-.($)0/*! 0$)! $($W)&+;7,6&)-W

7&$?-)! %-/%&0/*! +%/;.%;/-+2! 0$)! 0,,7&-+! 0! $-G0%&Z-! .60/G-! %(! -0.6! ,/(%-&$! &$!

,/(,(/%&($!%(!&%+!50++`!97;-!'/(5(,6-$(7!&+!0))-)!0+!0!%/0.?&$G!)*-`!P6-!+05,7-+!

0/-!'(&7-)!%(!,/(5(%-!,/(%-&$!)-$0%;/0%&($2!6-7,&$G!@:@!%(!'&$)`!!

! P6-! G-7! &+! 50)-! (<! ,(7*0./*705&)-! 0$)! @:@! 0$)! &%+! .($.-$%/0%&($! Z0/&-+!

</(5!Bu!%(!1Bu`!#$!-7-.%/&.!<&-7)!&+!0,,7&-)!0./(++!%6-!G-72!.0;+&$G!%6-!$-G0%&Z-7*!

.60/G-)! ,/(%-&$+! %(! 5&G/0%-! 0./(++! %6-! G-7! %(H0/)+! %6-! ,(+&%&Z-! 4~8! -7-.%/()-!

40$()-8`!:-,-$)&$G!($! %6-&/! +&F-2! -0.6!,/(%-&$!H&77!5(Z-!)&<<-/-$%7*! %6/(;G6! %6-!

G-7!50%/&Ke! +6(/%! ,/(%-&$+!H&77!5(/-! -0+&7*! <&%! %6/(;G6! %6-!,(/-+!&$! %6-! G-72!H6&7-!

70/G-/!($-+!H&77!60Z-!5(/-!)&<<&.;7%*!4<&$)&$G!5(/-!/-+&+%0$.-8`!

! O(77(H&$G!%6-!-7-.%/(,6(/-+&+2!%6-!G-7!60+!%(!'-!+%0&$-)2!&$!(;/!.0+-!;+&$G!0!

+&7Z-/!+%0&$&$G`!

! !

Q$!%6-!O&G;/-!!LC2!0!,&.%;/-!(<!%6-!G-7!('%0&$-)!&+!,/-+-$%-)`!Q%!.(5,0/-+!%6-!

#9! H&%6(;%! 5()&<&.0%&($! 4#982! %6-! #9! 0<%-/! 077! %6-! /-0.%&($! +%-,+! -K.-,%! %6-!

0))&%&($!(<!/6(z=M4IS18g{!4#938!0$)!%6-!#9!5()&<&-)!'*!/6(z=M4IS18g{!4#9/6(8`!#!

,/-+%0&$-)! ,/(%-&$! +%0$)0/)! H0+! ;+-)! 0+! /-<-/-$.-! 4@,-.%/0! >;7%&.(7(/! 9/(0)!

X0$G-! R/(%-&$! V0))-/2! P6-/5(+.&-$%&<&.82! -0.6! '0$)! .(//-+,($)! %(! 0! ,/(%-&$! (<!

?$(H$!5(7-.;70/!H-&G6%`! Q$!077! %6-!.0+-+2!H-!.0$!('+-/Z-!%6-!,/-+-$.-!(<!0!'0$)!

.(//-+,($)&$G! %(! %6-!6-0Z*!.60&$+!(<! %6-!0$%&'()*!0%!0,,/(K`![C!?:0!0$)!0!'0$)!

.(//-+,($)&$G!%(!%6-!7&G6%!.60&$+!0%!0,,/(K`!1[!?:0`!



!

!

!

"[[!

!

9LM3NB##0ZO##/+/%'!@8#IS#=HB#EIJLSLBJ#6P=L(IJQR#!"#j#6P=L(IJQ#>IP=NI,#aL=HI3=#EIJLSL>6=LIPF`#

!"%#j#6P=L(IJQ#6S=BN#6,,#NB6>=LIP#F=B)F#Bb>B)=#=HB#6JJL=LIP#IS#NHIJ6ELPB#JBPJNIP`#!"NHI#j#

6P=L(IJQ#EIJLSLBJ#(Q#NHIJ6ELPB#JBPJNIPR#;HB#F>6,B#LF#MLUBP#LP#D+6R#

!

! R(7*.7($07! 0$%&'()&-+! 0/-! 0! .(5'&$0%&($! (<! &55;$(G7(';7&$! 5(7-.;7-+2!

.($+-E;-$%7*! %6-/-! &+! 0! +7&G6%! )&<<-/-$.-! '-%H--$! %6-! 5(7-.;70/! H-&G6%! (<! %6-!

)&<<-/-$%!,0/%+2!0$)!%6-!'0$)+!('+-/Z-)!0/-!H&)-`!!#!)&<<-/-$.-!'-%H--$!%6-!'0$)+!

('+-/Z-)!<(/!%6-!#9!.($%/(7!0$)!<(/!%6-!#9!%60%!<(77(H-)!077!%6-!/-0.%&($!+%-,+2!#93!

0$)!#9/6(2!H0+!('+-/Z-)`!Q%!+--5+!%60%!%6-!(K&)0%&($!(<!%6-!#9!+;G0/+!7-0)+!%(!0$!

0GG/-G0%&($!(<!%6-!5(7-.;7-+!4'0$)!0%!0,,/(K`!"BC!>:08`!I(!.7-0/!)&<<-/-$.-!H0+!

('+-/Z-)!'-%H--$!%6-!#9/6(!0$)!%6-!#93!4H&%6(;%!)-$)/($82!,/('0'7*!);-!%(!%6-!

H&)%6! (<! %6-! '0$)+`! S(H-Z-/2! %6-! '&$)&$G! (<! %6-! )-$)/($! %(! %6-! 0$%&'()*! H0+!

.($<&/5-)!'*!<7;(/-+.-$.-!-5&++&($!+,-.%/(+.(,*!&$!O&G;/-!!ij`!P6&+!&+!%6-!/-0+($!

H6*!H-!)-.&)-)!%(!.($%&$;-!H&%6!%6&+!/-0.%&($!5-%6()!;+&$G!%6-!E!"#6P=L?8$5`!

!



!

!

!

"[i!

@',Z)-&$3)',4'Z43Y+41)'#'])H$#4$H3)6)3X4'Z4$,3)/>W=;4$Z3+-4&'()Z)H$3)',G4

!

P6-! (,-/0%&($! H0+! /-,-0%-)! H&%6! %6-! 5($(.7($07! 0$%&'()*! 0$%&SNX1!

<(77(H&$G!%6-!,/(.-++!)-+./&'-)!,/-Z&(;+7*`!P6-!/-0.%&($!H0+!.0//&-)!(;%!;+&$G!C`[!

5V! (<! 0$%&SNX1! 0%! 1CC! �Go5V`! #<%-/! 077! %6-! /-0.%&($! +%-,+! 0$)! %6-! %H(! G-7!

<&7%/0%&($+! 4gC! u! *&-7)82! 1! 5V! (<! %6-! 5()&<&-)! 0$%&SNX1! H-/-! ('%0&$-)! 0%! 0!

%6-(/-%&.07! .($.-$%/0%&($! (<! MC! �Go5V`! P6-! .($.-$%/0%&($! (<! 0$%&'()*! 0<%-/! %6-!

/-0.%&($! .0$$(%! '-! )-);.-)! ;+&$G! .($Z-$%&($07! 5-%6()+! +;.6! 0+! %6-! .((50+&-!

+%0&$&$G!0$)!%6-!V(H/*!0++0*!'-.0;+-!(<!%6-!&$%-/<-/-$.-!(<!%6-!/6()05&$-!&$!%6-!

0'+(/,%&($!5-0+;/-5-$%+`!

!

P6-!;$&($!(<! %6-!)-$)/($! %(! %6-! 0$%&'()*!H0+! .($<&/5-)!'*! <7;(/-+.-$.-!

-5&++&($!+,-.%/(+.(,*`!P6-!50K&5;5!(<!-5&++&($!H0+!('+-/Z-)!0%![gC!$5!4O&G;/-!!

L"8`!!

#

9LM3NB##0AO#8ELFFLIP#F)B>=N3E#IS#EIJLSLBJ#6P=L%?8$5R#;HB#)B6D#IS#Bb>L=6=LIP#6))B6NF#6=#KTZ#

PER#

!

P6-!5()&<&-)!5#9!H0+!.60/0.%-/&F-)!'*!@:@3R#=N!0$)!&+(-7-.%/&.!<(.;+&$G!

4<898! 4O&G;/-! ! L18`! P6-! &+(-7-.%/&.! ,(&$%! 4)<8! &+! %6-! ,S! 0%! H6&.6! 0! ,0/%&.;70/!

5(7-.;7-! .0//&-+! $(! $-%! -7-.%/&.07! .60/G-`! 9&(7(G&.07! 05,6(%-/&.! 5(7-.;7-+! +;.6!

0+!,/(%-&$+!.($%0&$!'(%6!0.&)!0$)!'0+&.!<;$.%&($07!G/(;,+`!#5&$(!0.&)+! %60%!50?-!

;,!,/(%-&$+!50*!'-!,(+&%&Z-2!$-G0%&Z-2! (/!$-;%/072! 0$)! %(G-%6-/!G&Z-!0!,/(%-&$! &%+!

C!

"CC!

1CC!

MCC!

BCC!

[CC!

[CC! [[C! iCC! i[C! LCC!

8
E
LF
FL
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#
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!

!

!

"[L!

(Z-/077! .60/G-`! #%!,S!'-7(H! %6-&/! ,Q2! ,/(%-&$+! .0//*! 0! $-%! ,(+&%&Z-! .60/G-n! 0%! ,S!

0'(Z-! %6-&/!,Q! %6-*! .0//*! 0!$-%!$-G0%&Z-! .60/G-`!R/(%-&$+! .0$2! %6;+2! '-! +-,0/0%-)!

0..(/)&$G!%(!%6-&/!&+(-7-.%/&.!,(&$%!4(Z-/077!.60/G-8!($!0!,(7*0./*705&)-!G-7!;+&$G!0!

%-.6$&E;-! .077-)! &+(-7-.%/&.! <(.;+&$G! 4QNO82!H6&.6!;+-+! 0! ,S!G/0)&-$%! %(! +-,0/0%-!

%6-!,/(%-&$+`!

!!!!!!!!!! !

9LM3NB##05O#<89#^,BS=_#6PJ#/+/%'!@8#^NLMH=_#IS#=HB#6P=L?8$5#(BSINB#6PJ#6S=BN#NB6>=LIP#aL=H#=HB#

NHIJ6ELPB#JBPJNIPR#!P=L?8$5#j#6P=L(IJQ#aL=HI3=#EIJLSL>6=LIP`#6P=L?8$5NHI#j#6P=L?8$5#

EIJLSLBJ#aL=H#=HB#NHIJ6ELPB#JBPJNIPR#

!

Q$! %6-! O&G;/-! ! L12! H-! .0$! ('+-/Z-! %60%! %6-! 5()&<&.0%&($! (<! %6-! 0$%&SNX1!

+%/;.%;/-! '*! %6-! /6()05&$-! )-$)/($! ,/(Z(?-)! 0! +7&G6%! )&<<-/-$.-! '-%H--$! %6-!

&+(-7-.%/&.!,(&$%+!(<!%6-!,/(%-&$+`!Q$!%6-!@:@3R#=N!G-72!0!$-H!'0$)!^;+%!0'(Z-!%6-!

6-0Z*! .60&$! '0$)! 4/-)! 0//(H8! 0%! 0,,/(K`! [C! ?:0! &+! ('+-/Z-)`! P6&+! '0$)! .(;7)!

.(//-+,($)! %(! %6-! 5()&<&.0%&($! (<! %6-! 6-0Z*! .60&$+! '*! (;/! )-$)/($`! P6-! '0$)!

+&%;0%-)!'-%H--$!"BC!?:0!0$)!1iC!?:0!07+(!+--5+!%(!'-!5(/-!&$%-$+-`!!

!

4

4



!

!

!

"[g!

5,46)3-'4HY$-$H3+-)E$3)',G4

4

#<%-/! .60/0.%-/&F0%&($2! %6-! 6P=L?8$5%NHI! H0+! &$.;'0%-)! H&%6! .-77+! %60%!

-K,/-++! %6-!SNX1! /-.-,%(/e!&*9%0! 4'/-0+%! .0$.-/! .-77+8! 0+! ,(+&%&Z-! .($%/(72! 0$)!

.-77+! %60%! -K,/-++! %6-! /-.-,%(/! &$! 0! Z-/*! 7(H! 05(;$%e!*./%0! 4<&'/('70+%! .-77+8! 0+!

$-G0%&Z-!.($%/(7`!!

Q$!0!<&/+%!0++0*2!(;/!5()&<&-)!0$%&SNX1!#9!H0+!&$.;'0%-)!0%!ML�D!);/&$G!MC!

5&$!H&%6!'(%6!.-77!7&$-+!0<%-/!<&K0%&($`!U$-K,-.%-)7*2!$(!/-)!<7;(/-+.-$.-!-5&++&($!

H0+!)-%-.%-)! &$! %6-!.0+-!(<! %6-!>DO3L`!P(! <&$)!(;%! &<! %6-!,/('7-5!H0+!);-! %(!0$!

&++;-!H&%6! %6-!5-5'/0$-! /-.-,%(/! (/! '-.0;+-! %6-!>DO3L! .-77+! H-/-! $(%! 0! G(()!

,(+&%&Z-! .($%/(7! <(/! SNX1! /-.-,%(/2! 0! +-.($)! 0++0*! H0+! /-07&F-)`! Q$! %6&+!

-K,-/&5-$%2!'-<(/-!&$.;'0%&$G!%6-!.-77+!H&%6!%6-!#92!%6-!5-5'/0$-!(<!%6-!.-77+!H0+!

,-/5-0'&7&F-)! %(!(,-$!%6-!0..-++! %(! %6-! &$%/0.-77;70/!/-.-,%(/+! %(! %6-!#9`!:;/&$G!

%6&+! 0++0*! /-)! <7;(/-+.-$.-! -5&++&($! H0+! +--$! H6-$! %6-! >DO3L! .-77+! H-/-!

,-/5-0'&7&F-)!0$)!$(!<7;(/-+.-$.-!H6-$!%6-!5-5'/0$-!H0+!&$%0.%`!#<%-/! 7((?&$G!

<(/! 7&%-/0%;/-2! H-! <(;$)! (;%! 0$)! .($<&/5-)! %60%! 0$! &5,(/%0$%! .($)&%&($! <(/! %6&+!

-K,-/&5-$%! &+! %6-!H0*! (<! )&++(.&0%&$G! %6-! .-77+! '-<(/-! ;+&$G! %6-5`! Q$)--)2! ;+&$G!

%/*,+&$!&$);.-)!0!)&+0,,-0/0$.-!(<!SNX1!/-.-,%(/!</(5!%6-!.-77!5-5'/0$-`"Bg!O(/!

%6-!<(77(H&$G!-K,-/&5-$%2!N:P#!H0+!;+-)!&$+%-0)!(<!%/*,+&$!<(/!.-77!)&++(.&0%&($`!!

!

P(!.($<&/5! %6-!0.%&Z&%*!(<! %6-!0$%&'()*!0!B3,(&$%+!-K,-/&5-$%!H0+!.0//&-)!

(;%e!

3 08! Q$.;'0%&($! H&%6! %6-! >IEEBN>L6,# 6P=L?8$5! 4@0$%0! D/;F!

9&(%-.6$(7(G*82!<(77(H-)!'*!%6-!&$.;'0%&($!H&%6!0!FB>IPJ6NQ#6P=L(IJQ!

40$%&35(;+-2!#7-K0!O7;(/!Bgg2!Q$Z&%/(G-$8!<(/!)-%-.%&($n!

3 '8! Q$.;'0%&($! H&%6! NHIJ6ELPB%EIJLSLBJ# 6P=L?8$52! <(77(H-)! '*! %6-!

&$.;'0%&($!H&%6!%6-!FB>IPJ6NQ#6P=L(IJQn!

3 .8!Q$.;'0%&($!H&%6!NHIJ6ELPB%EIJLSLBJ#6P=L?8$5n!

3 )8!Q$.;'0%&($!($7*!H&%6!%6-!FB>IPJ6NQ#6P=L(IJQ`!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
";=
!N$J$!N2,C(+/!0$!X242(PHO'.9+-/! 0$!J,^+(',,/!D$!#2b2/!0$!J..C^+8/!0$!A+8',:+"!<&*@,:!D,-,&:@+"!(''!/!P7/!

;?;;H;?;>$!



!

!

!

"[j!

P6-! +-.($)0/*! 0$%&'()*!H0+!;+-)! <(/! )-%-.%&($!,;/,(+-`! P6&+! 0$%&'()*! &+!

.($^;G0%-)!%(!0!<7;(/-+.-$%!)*-!4&$!(;/!.0+-!#7-K0!O7;(/!Bgg2!G/--$!<7;(/-+.-$.-8!

0$)! '*! /-.(G$&F&$G! %6-! ,/&50/*! 0$%&'()*! &%! 077(H+! %(! )-%-.%! &%+! ,/-+-$.-! ($! %6-!

.-77+!0+!&77;+%/0%-)!&$!O&G;/-!!LM`!

!

!

9LM3NB##0-O#/>HBE6=L>#L,,3F=N6=LIP#IS#=HB#NI,B#IS#=HB#FB>IPJ6NQ#6P=L(IJQR#

! !

!



!

!

!

"iC!

Q$!%6-!O&G;/-!!LB2!%6-!/-+;7%+!H&%6!&*9%0!.-77+2!;+-)!0+!,(+&%&Z-!.($%/(7!<(/!

%6-!SNX1!/-.-,%(/2!0/-!+6(H$`!P6-!<7;(/-+.-$.-!(<! %6-!.-77+!H0+!Z&+;07&F-)!;+&$G!

0$!&$Z-/%-)!5&./(+.(,-!+*+%-5!4I&?($!N.7&,+-!P&8`!

!

!

9LM3NB##0TO#9,3INBF>BP>B#EL>NIF>I)Q#)L>=3NBF#IS#&*90#>B,,FR#:3>,BL#aBNB#E6NDBJ#aL=H#+!'<#

^(,3B_`#=HB#FB>IPJ6NQ#6P=L(IJQ#LF#NB)NBFBP=BJ#LP#MNBBP#^!,Bb6#9,3IN#T\\_#6PJ#I3N#6P=L?8$5#

EIJLSLBJ#aL=H#NHIJ6ELPB# LF#NB)NBFBP=BJ# LP#NBJR#'NLE6NQ#6P=L(IJLBF#aBNB#3FBJ#6=#-#iMhEC#

6PJ# FB>IPJ6NQ# 6P=L(IJQ# 6=# XiMhECR# 6O# &*90# >B,,F# LP>3(6=BJ# aL=H# >IEEBN>L6,# 6P=L?8$5`#

SI,,IaBJ# (Q# FB>IPJ6NQ# 6P=L(IJQ# LP>3(6=LIPl# (O# &*90# >B,,F# LP>3(6=BJ# aL=H# I3N# NHIJ6ELPB#

EIJLSLBJ#6P=L?8$5`#SI,,IaBJ#(Q#FB>IPJ6NQ#6P=L(IJQ#LP>3(6=LIPl#>O#&*90#>B,,F#LP>3(6=BJ#aL=H#

I3N# NHIJ6ELPB# EIJLSLBJ# 6P=L?8$5l# JO# &*90# >B,,F# LP>3(6=BJ# IP,Q# aL=H# =HB# FB>IPJ6NQ#

6P=L(IJQR#/>6,B#(6NO#5Z#iER##

!

P6-! /-+;7%+! ('%0&$-)! &$! %6-! ,&.%;/-!6`# G/--$!50/?&$G! (<! %6-! .-77+2! .($<&/5!

%60%!>DO3L!.-77+!,/-+-$%!%6-!SNX1!/-.-,%(/2!0$)!%60%!%6-!.(55-/.&07!0$%&SNX1!.0$!

'-!;+-)!%(!%0/G-%!%6-5`!P6-!,/-+-$.-!(<!50/?&$G!&$!%6-!-K,-/&5-$%!(!.($<&/5+!%60%!

(;/! 5()&<&-)! 0$%&'()*! &+! 07+(! 0'7-! %(! /-.(G$&F-! %6-! /-.-,%(/! 0<%-/! .6-5&.07!

5()&<&.0%&($`! P6-! /-)! 50/?&$G! &$! %6-! ,&.%;/-! >! +6(H+! %60%! (;/! 5()&<&-)! #9!

0$%&SNX13/6(!.0$!'-!)-%-.%-)!;+&$G!%6-!/6()05&$-!<7;(/-+.-$.-2!H&%6(;%!%6-!$--)!



!

!

!

"i"!

(<!0!+-.($)0/*!0$%&'()*`!O&$077*2!&$!,&.%;/-!J!H-!.0$!+--!%60%!%6-/-!&+!$(!50/?&$G!(<!

%6-! .-77+!H6-$! %6-*! 0/-! &$.;'0%-)! ($7*!H&%6! %6-! +-.($)0/*! 0$%&'()*2! .($<&/5&$G!

%60%! %6-! +&G$07! &$! 6! 0$)! (! &+! -K.7;+&Z-7*! );-! %(! %6-! ,/-+-$.-! (<! %6-! 0$%&SNX1!

0$%&'()&-+`!

!

P(!-$+;/-!%60%! %6-!5()&<&-)!0$%&'()*!?--,! &%+!+,-.&<&.&%*! <(/! %6-!0$%&SNX1!

/-.-,%(/2!%6-!+05-!-K,-/&5-$%!H0+!.0//&-)!(;%!;+&$G!*./%0!.-77+!4O&G;/-!!L[8`!Dl@3

L!.-77+!H-/-!;+-)!0+!$-G0%&Z-!.($%/(7!'-.0;+-!%6-*!,/-+-$%!0!Z-/*! 7(H!05(;$%!(<!

SNX1!/-.-,%(/+`!!

!

!

9LM3NB# #0KO#9,3INBF>BP>B#EL>NIF>I)Q#)L>=3NBF#IS#*./0#>B,,FR#:3>,BL#aBNB#E6NDBJ#aL=H#+!'<#

^(,3B_`#=HB#FB>IPJ6NQ#6P=L(IJQ#LF#NB)NBFBP=BJ#LP#MNBBP#^!,Bb6#9,3IN#T\\_#6PJ#I3N#6P=L?8$5#

EIJLSLBJ#aL=H#NHIJ6ELPB#LF#NB)NBFBP=BJ#LP#NBJ#^$HIJ6ELPB_R#'NLE6NQ#6P=L(IJLBF#aBNB#3FBJ#

6=# -# iMhEC# 6PJ# FB>IPJ6NQ# 6P=L(IJQ# 6=# XiMhECR# 6O# *./0# >B,,F# LP>3(6=BJ# aL=H# >IEEBN>L6,#

6P=L?8$5`# SI,,IaBJ# (Q# FB>IPJ6NQ# 6P=L(IJQ# LP>3(6=LIPl# (O# *./0# >B,,F# LP>3(6=BJ# aL=H# I3N#

NHIJ6ELPB# EIJLSLBJ# 6P=L?8$5`# SI,,IaBJ# (Q# FB>IPJ6NQ# 6P=L(IJQ# LP>3(6=LIPl# >O# *./0# >B,,F#

LP>3(6=BJ#aL=H#I3N#NHIJ6ELPB#EIJLSLBJ#6P=L?8$5R#/>6,B#(6NO#5Z#iER#

!

! I(!(/!Z-/*!7(H!50/?&$G!(<!%6-!.-77+!'*!%6-!.(55-/.&07!0$%&SNX1!4682!0$)!%6-!

0$%&SNX13/6(!4(!0$)!>8!H0+!+--$`!P6&+!('+-/Z0%&($!.($<&/5+!%60%!%6-!5()&<&.0%&($!

(<!%6-!0$%&'()*!)&)!$(%!+,(&7!&%+!+,-.&<&.&%*!%(!SNX1!/-.-,%(/`!!

!

P0?-$!077!%(G-%6-/2!%6-!/-+;7%+!.($<&/5!%60%!0<%-/!.6-5&.07!5()&<&.0%&($!0$)!

0%%0.65-$%! (<! )-$)/&%&.! .(5,(;$)+! %(! %6-! 6-0Z*! .60&$! (<! %6-! #92! &%+! '&(7(G&.07!

0.%&Z&%*!0$)!+,-.&<&.&%*!&+!,/-+-/Z-)`!l;/!5()&<&-)!0$%&SNX12!0$%&SNX3/6(2!&+!0!G(()!

+*+%-5! <(/! %0/G-%&$G! .-77+! -K,/-++&$G! SNX1! /-.-,%(/`! #$%&SNX1! 5()&<&-)! '*!

/6()05&$-! .0$! '-! ;+-)! %(! 50/?! SNX1! -K,/-++&$G! .-77+! H&%6(;%! %6-! $--)! (<!

+-.($)0/*!0$%&'()*!)-%-.%&($`!



!

!

!

"i1!

!!

S0Z&$G! %6&+! .($<&/50%&($2! 0$%&SNX1o)-$)/($3:lP#! .($^;G0%-+! H-/-!

,/-,0/-)!<(77(H&$G!%6-!+05-!5-%6()(7(G*`!!

!

A+,(-)&+-4%X,3Y+%)%4$,(4$,3)>W=;4H'*.#),]G4

4

O&/+%2! %6-! :lP#! )-$)/($! H0+! '(;$)! '*! .(,,-/3.0%07*F-)! .7&.?! .6-5&+%/*!

"2M3)&,(70/! .*.7(0))&%&($! %(! 0! %6&/)! G-$-/0%&($! 1)%3>R#! )-$)/($! <;$.%&($07&F-)!

H&%6! ,/&50/*! 05&$-+! 0%! &%+! +;/<0.-`! P6&+! +%-,! ,-/5&%+! ;+! %(! 60Z-! -&G6%! 05&$-!

G/(;,+! ($! %6-! +;/<0.-! (<! (;/! )-$)/&5-/+! 0$)! &5,/(Z-! %6-! 0%%0.65-$%! %(! %6-!

0$%&'()*`!P6-$2! %6-!H6(7-!)-$)/&5-/!H0+!0%%0.6-)! %(! %6-!0$%&'()*!'*! <(/5&$G!0!

@.6&<<!'0+-!4XDS|IXJ8!4O&G;/-!!Li8`!!

!

!

9LM3NB##0XO#/LE),LSLBJ#F>HBEB#IS#JBPJNIP%6P=L(IJQ#3PLIPR#

!

P6-!<&/+%!+%-,!H0+!%(!+*$%6-+&F-!0!%6&/)!G-$-/0%&($!)-$)/($!<;$.%&($07&F-)!

0%!&%+!,(&$%!'*!0!%/&,7-!'($)!0$)!0%!6&+!'/(0)!,0/%!H&%6!05&$-!G/(;,+`!P6-!+*$%6-+&+!

H0+! .0//&-)! (;%! </(5! %6-! .(55-/.&07! 1)%3>R#! 5($(5-/! <(77(H&$G! %6-! +05-!

5-%6()! %60$! &$! D60,%-/! "! <(/! %6-! +*$%6-+&+! (<! %6-! )-$)/($! cAd! 4@%-G7&+6!

-+%-/&<&.0%&($+! <(77(H-)!'*! %6-!6*)/(K*7! G/(;,+!)-,/(%-.%&($8`!P6-! <&$07!)-$)/($!

H0+!('%0&$-)!&$!j!+%-,+!&$!0!G7('07!*&-7)!(<!"[!u!4O&G;/-!!LL8`!!

!



!

!

!

"iM!

!

9LM3NB##00O#-NJ#MBPBN6=LIP#!"#%&'!#JBPJNIP#S3P>=LIP6,LVBJ#(Q#M,Q>LPB#6=#L=F#F3NS6>B#6PJ#

6,DQPB#6=#L=F#)ILP=R#

!

P6-! .(//-.%! <;$.%&($07&F0%&($! '*! %6-! 07?*$-! (<! !%@A^.?_5! 4LL8! H0+!

.($<&/5-)! '*! %6-! ,/-+-$.-! (<! %6-! %/&,7-%! ,-0?! );-! %(! %6-! ,/(%($!?3D#D3! 0%! 1`Bi!

,,5! &$! "S!I>X`! Q$! %6-!.0+-!(<! %6-! <&$07! .(5,(;$)2! %6-!+&$G7-%!,-0?!0%!"`Bi!,,5!

.(//-+,($)&$G! %(! %6-! 39(.!5-%6*7+!0$)! &$%-G/0%&$G! <(/!L1S!0$)!%6-!)(;'7-%!,-0?!

.(//-+,($)&$G! %(! %6-! WDl3D?13IS9(.! ,/(%($+! 0%! M`jC! ,,5! &$%-G/0%&$G! <(/! "iS!

/-Z-07-)!%6-!.(//-.%!<;$.%&($07&F0%&($`!

!

P6-!,/(%-.%-)!%6&/)!G-$-/0%&($!)-$)/($!!%@-^:?"I>_\!H0+!%6-$!0%%0.6-)!

%(! %6-! :lP#! )-$)/($! '*! .(,,-/3.0%07*F-)! .7&.?! .6-5&+%/*! "2M3)&,(70/!

.*.7(0))&%&($2!&$!)&5-%6*7<(/505&)-`!P6-!.(,,-/4Q8!.0%07*+%!H0+!G-$-/0%-)!),4%)3*!

'*! /-0.%&($!'-%H--$!.(,,-/! +;7<0%-!0$)!+()&;5!0+.(/'0%-`!P6&+! +%-,!H0+!.0//&-)!

(;%! 0<%-/! %6-! 7(0)&$G! (<! G0)(7&$&;5! &$+&)-! %6-! :lP#! G/(;,+`! P6-! ,/();.%! H0+!

,;/&<&-)!'*!-K%/0.%&($+!0$)!)&07*+&+!0G0&$+%!)-&($&F-)!45&7&T8!H0%-/`!P6-!/-0.%&($!

H0+!<(77(H-)!'*!%6-!)-,/(%-.%&($!(<!%6-!05&$-!G/(;,+!&$!0.&)!-$Z&/($5-$%!4O&G;/-!!

Lg8`!

HO

O

OH

OH

HO

O

O

O

O

O
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O

O

O

O

OH
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O
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O
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O
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O

OO

O
O

O

NHBoc

O
NHBoc

O
NHBoc

O

NHBocO

NHBoc

O

NHBoc

O

NHBoc

O NHBoc

iv)

bis-MPA -G1(OH)2

i) 2,2-dimathoxypropane, TsOH, acetone

ii) 6-azidohexan-1-ol, DCC, DPTS, CH2Cl2

iii) Dowex H+, MeOH

iv) [1], DCC, DPTS, CH2Cl2

v) GlyBoc, DCC, DPTS, CH2Cl2

i) ii) iii) iii)

iv)  iii)

v)

74 %

65 %

38 %

98 %81 %

-G2(OH)4

-G3(OH)8
-G3(NHBoc)8



!

!

!
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!

9LM3NB##0\O#7PLIP#IS#5PJ#MBPBN6=LIP#+.;!%JBPJNIP#6PJ#6ELP6=BJ%JBPJNIP#(Q#*3!!*#

^@5^+.;!%@J_T%@-^:?5_\_R#

!

! P6-! ,/-+-$.-! (<! 5-%07! &($+! &$! %6-! 5(7-.;7-! 6&$)-/+! %6-! ,(++&'&7&%*! (<!

.60/0.%-/&F0%&($! (<! %6-! 5(7-.;7-! '*! "S3I>X! (/! "MD3I>X`! S(H-Z-/2! %6-! QX!

+,-.%/;5!.($<&/5-)!%6-!<(/50%&($!(<!%6-!)-+&/-)!,/();.%!H&%6!%6-!0,,-0/0$.-!(<!

$-H!'0$)+!0%!1g["!.53"!0$)!1j"j!.53"!.(//-+,($)&$G!%(!%6-!DS1!4�D3S82!0$)!%6-!

O

O

O

O

O

O
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O
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O

OO

O
O

O

NHBoc

O
NHBoc

O
NHBoc

O

NHBocO

NHBoc

O

NHBoc

O

NHBoc

O NHBoc

i) CuSO4, 5 H2O, sodium ascorbate, DMF

ii) AcOEt/HCl(g)

O
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O
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'0$)! 0%! "LMB! .53"! 4�D|l8! .(//-+,($)&$G! %(! %6-! -+%-/+! (<! %6-!1)%3>R#! 05&$0%-)!

)-$)/($`!

!

! #<%-/!%6-!D;##D!/-0.%&($2!$(!/-70K&Z&%*!+&G$07!H0+!)-%-.%-)n!0+!H-!+0H!&$!%6-!

.0+-!(<!%6-!<(7&.!0.&)2!%6&+!.(;7)!'-!);-!%(!0$!-K.60$G-!(<!%6-!G0)(7&$&;5!&($+!H&%6!

%6-!.(,,-/!&($+!,/-+-$%!&$!%6-!/-0.%&($!5&K%;/-`!#<%-/!,;/&<&.0%&($!(<!%6-!,/();.%2!

%6-!.(5,(;$)!H0+!)&++(7Z-)!&$!SNRN@!0$)!+%&//-)!);/&$G!($-!$&G6%!&$!,/-+-$.-!(<!

=)D7M`! N:P#! H0+! %6-$! 0))-)! %(! %6-! +(7;%&($! &$! (/)-/! %(! .0,%;/-! %6-! -K.-++! (<!

G0)(7&$&;5!0$)!.(,,-/! &($+`!P6-!+(7;%&($!H0+!)&07*F-)!0G0&$+%!)-&($&F-)!45&7&T8!

H0%-/`!P6-!/-+;7%&$G!+(7;%&($!H0+!</--F-3)/&-)2!0$)!%6-!/-70K&Z&%*!(<!%6-!.(5,(;$)!

H0+!5-0+;/-)!4O&G;/-!Lj2!P0'7-!""8`!

!

!

9LM3NB#0]O#;A#6PJ#;5#EB6F3NBEBP=F#SIN#=HB#@5^+.;!%@J_T%@-^:?5_\#JBPJNLEBN#LP#S3P>=LIP#

IS#=HB#>IP>BP=N6=LIP#IS#@J#^E&_R#@6LP;AjKK`#M6LP;5jK-R#

!

NA#E&%A
@JRF%A# M`Ci!

N5#E&%A
@JRF%A# 1`gi!

'8%FE<8
5+35'"F+'7#<8% :;2;C4

'8%FE<8
5+35'"F+'7#<8% ::2CC4

;6(,B#AAO#$B,6bLUL=Q#U6,3BF#I(=6LPBJ#SIN#@5^+.;!%@J_T%@-^:?5_\R#

!

P6-!)-$)/&5-/!H0+!%6-$!.(Z07-$%7*!;$&%-)!%(!%6-!5()&<&-)!0$%&3SNX1!'*!%6-!

,/(.-++! )-+./&'-)! ,/-Z&(;+7*! 4<(/50%&($! (<! @6&<<! '0+-+8`! #<%-/! ,;/&<&.0%&($! (<! %6-!

#9:lP#3=)!'*!-K.7;+&($!.6/(50%(G/0,6*2!%6-!#9!H0+!.60/0.%-/&F-)!'*!QNO!0$)!@:@3

R#=N!4O&G;/-!!gC8`!

y = 3,0595x + 0,3722 
R" = 0,99603 

2 

4 

6 

8 
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1
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1
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1/T1 

y = 2,8633x + 1,7382 
R" = 0,99182 
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!

!

!

"ii!

!

9LM3NB# #\ZO# <89#^,BS=_#6PJ#/+/%'!@8#^NLMH=_#IS# =HB#6P=L%?8$5#(BSINB#6PJ#6S=BN#NB6>=LIP#aL=H#

=HB# @5^+.;!%@J_T%@-^:?5_\# JBPJNLEBNR# !P=L?8$5j6P=L(IJQ# aL=HI3=# EIJLSL>6=LIP`#

6P=L?8$5f@J#j#6P=L?8$5#EIJLSLBJ#aL=H#=HB#@5^+.;!%@J_T%@-^:?5_\#JBPJNLEBNR#

!

Q$! %6-! QNO! G-72! 0! )&<<-/-$.-! H0+! ('+-/Z-)! '-%H--$! %6-! '0$)+! );-! %(! %6-!

.(55-/.&07! 0$%&SNX1! 0$)! %6-! '0$)+! );-! %(! %6-! 0$%&SNX14:lP#3=)82!

.60/0.%-/&F&$G! %6-! +%/;.%;/07! 5()&<&.0%&($! (<! %6-! 0$%&'()*`! Q$! @:@3R#=N2! %6-!

0,,-0/0$.-! (<! 0! +%/($G! '0$)! '-%H--$! "BC! 0$)! 1iC! ?:0! ,/('0'7*! );-! %(! 0$!

0GG7(5-/0%&($! H0+! ('+-/Z-)`! #%! 0,,/(K`! [C! ?:02! H-! .0$! ('+-/Z-! %60%! %6-! '0$)!

.(//-+,($)&$G! %(! %6-! 6-0Z*! .60&$+! )-./-0+-)! &$! &$%-$+&%*! 0$)! 0! $-H! '0$)!

0,,-0/-)! ^;+%! 0'(Z-! 4/-)! 0//(H8`! P6&+! $-H! '0$)! &+! .60/0.%-/&+%&.! (<! %6-! 6-0Z*!

.60&$+! 5()&<&.0%&($! '*! (;/! )-$)/&%&.! .(5,(;$)`! P6-! &$%-$+&%*! (<! %6-! '0$)!

.(//-+,($)&$G!%(!%6-!7&G6%!.60&$+!0%!0,,/(K`!1[!?:0!/-50&$-)!.($+%0$%`!

!

! :;-! %(! %6-! 7(H! 05(;$%! (<! 0$%&SNX14:lP#3=)8! ,/-,0/-)2! %6-! /-70K&Z&%*!

.(;7)!$(%!'-!5-0+;/-)!H&%6!%6-!-E;&,5-$%!0Z0&70'7-!&$!(;/!70'(/0%(/&-+`!S(H-Z-/2!

),46)3-'!-K,-/&5-$%+!0/-!,/(G/055-)!&$!.(770'(/0%&($!H&%6!%6-!I0$(&50G-!;$&%!(<!

%6-!9QlI#I:!.-$%-/!&$!>_70G0`!!

!



!

!

!

"iL!



!

!

!

"ig!



!

!

!

"ij!

!"#$%&'("#!!

:-$)/($+! 5()&<&-)! '*! =)4QQQ8:lP#! .($%/0+%! 0G-$%+! ,/-+-$%! &$%-/-+%&$G!

/-70K&Z&%*!)0%0`!P6-!;+-!(<! %6-!+-.($)!G-$-/0%&($!)-$)/($!,-/5&%! %(! &$./-0+-! %6-!

/-70K&Z&%*!;,!%(!M!%&5-+!.(5,0/-)!%(!=)4QQQ8:lP#!7&G0$)+`!!

P6-!.(Z07-$%!0%%0.65-$%!(<!%6-!=)4QQQ8:lP#!)-$)/($+!%(!%0/G-%&$G!5(7-.;7-+!

+;.6!0+!%6-!<(7&.!0.&)!5(7-.;7-!&+!,(++&'7-!.($+-/Z&$G!%6-!.($%/0+%!0G-$%!0.%&Z&%*`!

P6-!.6-5&.07!5()&<&.0%&($!(<!0$!0$%&SNX1!5($(.7($07!0$%&'()*!'*!)-$)/&%&.!

)-/&Z0%&Z-+! 0<<-.%-)!$-&%6-/! &%+! '&(7(G&.07! 0.%&Z&%*!$(/! &%+! +-7-.%&Z&%*! <(/! %6-!SNX1!

/-.-,%(/`!!

!

93=3NB#aINDO#

5,4 6)3-'! +%;)&-+! (<! %6-! O#3z=13=)4QQQ8:lP#{! 0$)! 0$%&SNX13:lP#=)4QQQ8!

.(5,(;$)+! $--)+! %(! '-! .0//&-)! (;%! %(! .($<&/5! %6-! -<<&.&-$.*! (<! %6-! %0/G-%&$G!

5(&-%*`!!

S&G6-/! G-$-/0%&($+! (<! 1)%3>R#3:lP#! )-$)/($! .(;7)! '-! &$Z-+%&G0%-)2! 0$)!

%6-&/!-<<-.%!.(5,0/-)`!

!



!

!

!

"LC!



!

!

!

"L"!

!"#$%&'$()*+,#*%)!

!"#"$%&'(")*+,-+

#77!%6-!/-0G-$%+!-K.-,%!+,-.&<&.0%&($+!H-/-!,;/.60+-)!</(5!@&G503#7)/&.6`!!

"S3I>X! 0$)! "MD3I>X! -K,-/&5-$%+!H-/-! ,-/<(/5-)! ($! 0! 9/;?-/!#A#IDN!

BCC!+,-.%/(5-%-/!(,-/0%&$G 0%!BCC!>SF!(/!"CC!>SF!(/!($!0!9/;?-/!MCC!(,-/0%&$G!

0%!MCC!>SF!0$)!iC!>SF`!D:D7M2!>-l:2!0$)!:1l!H-/-!;+-)!0+!+(7Z-$%+!0$)!.6-5&.07!

+6&<%+! 0/-! G&Z-$! &$! ,,5! /-70%&Z-! %(! P>@`! P6-! +(7Z-$%! /-+&);07! ,-0?!H0+! ;+-)! 0+!

&$%-/$07!+%0$)0/)`!!

>@! 0$07*+-+!H-/-! ,-/<(/5-)! ;+&$G! 0$! N@Q3&($3PX#R! 9/;?-/! N+E;&/-MCCC!

,7;+!+,-.%/(5-%-/!(/!0!9/;?-/!>&./(O7-K!<(/!>07)&!0$07*+&+`!P6-!&$</0/-)!+,-.%/0!(<!

077! %6-!.(5,7-K-+!H-/-!('%0&$-)!H&%6!0!>0%%+($!=-$-+&+! QQ!OPQX!(/! s#@Dl!OPoQX3

B"CC! &$! %6-! BCC3BCCC! .53"! +,-.%/07! /0$G-! )&/-.%7*! (/! (Z-/! I0D7! .-77+`! X-70K&Z&%*!

5-0+;/-5-$%+!H-/-!.0//&-)!(;%!;+&$G!0!9/;?-/!>EiC!I>X!0$07*+-/!>&$&+,-.`!P6-!

<7;(/-+.-$.-! )0%0! H-/-! ('%0&$-)! H&%6! 0! R-/?&$! N75-/! V@[[! O7;(/-+.-$.-!

+,-.%/(5-%-/! )-Z&.-`! P6-! 0'+(/'0$.-! 5-0+;/-5-$%+! H-/-! .0//&-)! (;%! ;+&$G! 0!

A0/&0$! D0/*[C! R/('-! UA3Z&+&'7-! +,-.%/(,6(%(5-%-/`! P6-! &+(-7-.%/&.! ,(&$%! (<! %6-!

0$%&'()*!H0+!5-0+;/-)!;+&$G!0!R60+%@*+%-5!)-Z&.-`!!

!

!"#$%&'(')*#+),%*-*,$&-(.*$(/#+

P6-! %*,&.07!,/(.-);/-! <(/! @%-G7&+6! -+%-/&<&.0%&($! 4#82! %*,&.07!,/(.-);/-! <(/!

)-,/(%-.%&($!(<!1)%3>R#!07.(6(7!G/(;,+!4982!%*,&.07!,/(.-);/-!<(/!)-,/(%-.%&($!(<!

05&$-! G/(;,+! 4D82! %*,&.07! ,/(.-);/-! <(/! )-$)/&5-/! G-$-/0%&($! G/(H%6! 4:82! 0$)!

%*,&.07! ,/(.-);/-! <(/! )-,/(%-.%&($! (<! )-$)/&5-/! lS! G/(;,+! 4N8! 0/-! )-+./&'-! &$!

D60,%-/!"`!

%

%

%

%

%



!

!

!

"L1!

G:/AH89<[;#8]<K/BH8?GHP.,M9%%%

!

 

 

The product was obtained following the Steglish esterification procedure (A). The crude 

product was purified by column chromatography eluting with a mixture 1:1 of 

Hexane:EtOAc, after 24 h of reaction. The pure product was obtained in a 99 % yield 

(1.31 g, 1.90 mmol) as a yellow oil. 

!<=4:>4?@A@#B04BDD4<>EF4�!4..&FG4"`MC!4+2!MS2!S682!"`M13"`[C!452!gS2!S.2!S)2!S$2!S(82!

"`BM!4+2!"gS2!S+82!"`[i3"`ii!452!gS2!S'2!S-2!S582!1`1j!4%2!9!|L`[!SF2!BS2!S782!M`Cg!452!

BS2!S,82!M`1L!4%2!9!|!i`i!SF2!1S2!S082!B`""!4%2!9!|!i`i!SF2!1S2!S<82!B`"g!4)2!9!|!"B`B!SF2!

1S2!S^82!B`1M!4)2!9!|!""`"!SF2!1S2!S^J82!B`[j!4'/!+2!1S2!IS8`!

!<=4:B@4?@A@#B04BDD4<>EF4�! 4..&FG4"L`g! 4D682!1B`B! 4D582!1[`B! 4D)82!1i`1! 4D$82!1i`M!

4D.82!1g`M!4D+82!1g`B!4D(82!1g`L!4D'82!1j`L!4D-82!MM`j!4D782!BC`M!4D&82!Bi`M!4D,82!["`M!4D082!

i[`C!4D<82!i[`1!4D^82!Lj`j!4D/82!"[[`j!4DE82!"L1`L!4DG82!"L1`j!4D?8`!

5=4?PQ-04H&/:FG!MMLj!4I3S82!1jMi31giB!4D3S82!1CjL!4I|I|I82!"LBC3"L"B!4D|l8`!

D07.;70%-)!z>{~!4DjLS"[LI""lBi8!&TE4|!ig[`BM`!O(;$)e!N@Q~e!z>~I0{~!&TE4|!LCg`B`!

!

!
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!

!

!

"LM!

G:/AH89<[;#8]<K/BH8?GH9M9%%%

!

 

 

The compound was obtained following the deprotection procedure (C) as %/0$+,0/-$%!

(&7!&$!0!E;0$%&%0%&Z-!*&-7)`!!!

!<=4:>4?@A@#B04CDD4<>EF4�!4..&FG4"`"L!4+2!MS2!S682!"`M13"`M[!452!gS2!S.2!S)2!S$2!S(82!

"`[B3"`iC!452!gS2!S'2!S-2!S582!1`1j!4%2!9!|L`[!SF2!BS2!S782!1`jg!452!BS2!S,82!M`1L!4%2!9!|!

i`i!SF2!1S2!S082!B`"C!452!BS2!S<2!S^82!B`1M!4)2!9!|!""`"!SF2!1S2!S^J82!L`jB!4'/!+2!BS2!IS8`!

!<=4:B@4?@A@#B04CDD4<>EF4�! 4..&FG4"g`1! 4D682!1B`"! 4D582!1[`1! 4D)82!1[`i! 4D$82!1i`"!

4D.82!1i`j!4D(82!1g`1!4D'82!1g`i!4D-82!MM`[!4D782!Mj`L!4D&82!B[`j!4D,82!["`"!4D082!iB`i!4D<82!

iB`j!4D^82!"L1`L!4DG82!"L1`j!4D?8`!

5=4?PQ-04H&/:FG!MB"L!4I3S82!1jMj!4D3S82!1CjL!4I|I|I82!"LMg!4D|l8`!

!
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!

!

!

"LB!

G:/AH89<[;#8]<K/BH8?GH<WJ:6%-P0%+#-+'M9%%%

!

 

 

To a suspension of 100!5G!4"LB!�5(78!(<!439;l8M3:lP#3lS2!Lg!5G!41CB!�5(78!(<!

S#PU!0$)!1g!5G!41CB!�5(78!(<!Sl#%!&$![!5V!(<!)/*!)&.67(/(5-%60$-!H0+!0))-)!

BL!5G!4g[!�5(78!(<!IMDiS"13[=#"]34D[S"CIS181!0$)!%6-!5&K%;/-!H0+!077(H-)!%(!+%&/!

(Z-/$&G6%`! P6-! ./;)-!H0+! )&7;%-)!H&%6! DSD7M! 4"[!5V8! 0$)!H0+6-)! B! %&5-+!H&%6!

S1l`!P6-!(/G0$&.!,60+-!H0+!.($.-$%/0%-)2!)&7;%-)!H&%6!N%l#.!0$)!H0+6-)!B!%&5-+!

H&%6! S1l`! P6-! (/G0$&.! ,60+-! H0+! .($.-$%/0%-)2! )&7;%-)! &$! >-lS! 0$)! )&07*F-)!

0G0&$+%! >-lS! 4.-77;7(+-! 5-5'/0$-! >Y! "CCC8! <(/! "! )0*`! NZ0,(/0%&($! (<! %6-!

+(7Z-$%!G0Z-!%6-!,;/-!,/();.%!0+!0$!(<<3H6&%-!+(7&)`!�&-7)![i!u!4Mj!5G2!1B�5(78`!

!<=4:>4?<+NA04BDD4<>EF4�!4..&FG4"`1[!4+2!MS2!S682!"`1j3"`ii!452!LBS2!S.2!S)2!S52!

S$2!S(2!SF2!S'2!S-82!1`MM!4%2! 9!|L`1!SF2!BS2!S782!M`C"3M`C[!4'/!52!M1S2!S+2!S%2!SZ2!SH82!

M`11!4%2!9!|!i`j!SF2!BS2!S,82!M`1L!4%2!9!|!i`i!SF2!1S2!S082!M`i"!4'/!52!"iS2!S/2!S;2!S;J82!

B`""!4%2!9!|!i`i!SF2!1S2!S<82!B`11!4+2!BS2!S^2^J8`!

!<=4:B@4?<+NA04BDD4<>EF4�!4..&FG4"g`1!4D682!1[`i!4D582!1i`i!4D)82!1L`B!4D$82!1g`[!

4DF2!D(82!1j`[!4D.82!1j`g!4D'82!MC`"!4D-82!MB`g!4D782!BC`1!4D&82!BL`L!4D,82!["`M3[M`C!452!D02!

D+2!D%2!DZ2!DH82![i`j!452!D/2!D;2!D;J82!ii`M!4D<82!ii`i!4D^82!gM`M!4D*82!"L"`"3"L"`1!452!DK2!

DE82!"LB`B!4DG82!"LB`[!4D?8`!

5=4?PQ-04H&/:FG!MB1C!4IS!05&)-82!1Cjj!4IM82!"LMM!4D|l!-+%-/8`!

D07.;70%-)! z>{~! 4DjLS"[LI""lBi8!&TE4|! "[jB`Ci`! O(;$)e!>#V:Q~e! z>~I0{~!&TE4|!

"i"L`1`!
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!

!

!

"L[!

G:/AH89<[;#8]<K/BH8?GH<WJ:6M9%%%

!

!

!

[C!5G! (<! %6-! ,/(%-.%-)! ,/();.%!IMDiS"13[=#"]34D[S"CIS3:lM#! %9;! -+%-/81!H-/-!

)&++(7Z-)!&$!"!5V!(<!"e"!PO#oDS1D71!)&++(7;%&($`!P6-!/-0.%&($!5&K%;/-!H0+!0G&%0%-)!

(Z-/$&G6%! ;$)-/! 0/G($! 0%5(+,6-/-`! P6-$2! %6-! +(7Z-$%! H0+! -Z0,(/0%-)! %(! G&Z-! 0!

'/(H$!(&7!H6&.6!H0+!)&++(7Z-)!&$!%6-!+5077-+%!E;0$%&%*!(<!>-lS!0$)!,/-.&,&%0%-)!

&$!N%1l!0+!0!,07-!*-77(H!+(7&)`!P6-!+(7&)!H0+! /-.(Z-/-)!'*!.-$%/&<;G0%&($! 4[!5&$2!

MCCC! /,582!H0+6-)! +-Z-/07! %&5-+!H&%6! -%6-/! 0$)! .-$%/&<;G-)`! P6-! ,;/-! ,/();.%!

H0+!('%0&$-)!&$!0!E;0$%&%0%&Z-!*&-7)!0<%-/!)/*&$G!%6-!+(7&)!&$!/-);.-)!,/-++;/-`!!

!<=4:>4?@A@#B04BDD4<>EF4�!4..&FG!"`1i!4+2!MS2!S682!"`1j3"`LC!452!1CS2!S'3-2!S53(82!

1`MB!4%2!9!|!L`1!SF2!BS2!S782!M`1C!4%2!9!|!i`j!SF2!BS2!S,82!M`MC!4'/!+2!M1S2!S+3%82!M`LB3M`gC!

452!"iS2!S/2!S;3;J82!B`"B!4%2!9!|!i`M!SF2!1S2!S<82!B`11!452!BS2!S^2^J8`!!

!<=4 :B@4 ?@A@#B04 BDD4<>EF4�! 4..&FG41[`i2! 1i`i2! 1L`C2! 1L`12! 1L`[2! 1j`[2! MC`C2! MM`i2!

MB`g2!BC`B2!BL`L2![C`12!["`C3["`[2![[`B3[[`g2![i`13[i`M2!ii`12!ii`[3ii`i2!"LB`[2!"LB`g`!

5=4?PQ-04H&/:FG!MBMM!4l3l3S!.0/'(K*7&.!0.&)82!MCjL!4I3S!05&)-82!1j"j31g[C!4D3S82!

1"C"!4IM82!"LMM!4D|l!-+%-/82!"igM!4D|l!05&)-8`!

!
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"Li!

G:/AH89<[;T8]<K/BH8?GH<WJ:6;5M9%%%

%

!

!

P6-!,/();.%!H0+!)&++(7Z-)!&$!SNRN@!"5>!0$)!M-Eo:lP#!(<!=)D7M!H0+!0))-)2!%6-!

/-0.%&($! H0+! 077(H-)! %(! +%&/! (Z-/$&G6%`! P6-$2! N:P#! C`1! >! H0+! 0))-)! 4"`1!

-Eo=)D7M8!&$!(/)-/!%(!.(5,7-K!%6-!-K.-++!(<!=)!/-50&$&$G!&$!%6-!+(7;%&($!0$)!%6-!

+(7;%&($! H0+! +%&//-)! <(/! 1! 6(;/+`! P6-! +(7;%&($! H0+! %6-$! )&07*F-)! 0G0&$+%! 5&7&T!

H0%-/! 4.-77;7(+-! 5-5'/0$-! >Y! "CCC82! 0$)! %6-! ,;/-! ,/();.%! H0+! </--F-3)/&-)`!

Y6&%-!+(7&)`!!

=+#$8)6)3X4&+$%*-+&+,3%G!-"!|!B`"M!5>3"
=)`+3"2!-1!|!B`gL!5>3"

=)`+3"`!!

5=4?PQ-04H&/:FG!MBMM!4ll3S!.0/'(K*7&.!0.&)82!MCjL!4I3S!05&)-82!1j"j31g[C!4D3S82!

1"C"!4IM82!"LMM!4D|l!-+%-/82!"igM!4D|l!05&)-8`!
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!

"LL!

G:/AH89<[;#9]<K/BH8?GHP.,MC%

%

!

!

P6-!.(5,(;$)!H0+!('%0&$-)!<(77(H&$G!%6-!,/(.-);/-!<(/!@%-G7&+6!-+%&/&<&.0%&($!4#8` 

The crude product was purified by column chromatography eluting with a mixture 7:3 

of Hexane:EtOAc. The pure product was obtained in a 75% yield (1.03 g, 0.766 mmol) 

as yellow oil.!

!<=4:>4?@A@#B04BDD4<>EF4�!4..&FG4"`1"3"`BB!452!LMS2!1S.2!1S)2!MS62!iS72!gS/2!gS+2!

MiSH82!"`BL3"`i[!452!"1S2!S'2!S-2!SE82!1`1j!4%2!9!|!L`[!SF2!gS2!S,82!M`Cg!4E2!9!|!i`i!SF2!

gS2!S%82!M`1L!4%2!9!|!i`j!SF2!1S2!S082!B`CL3B`1B!452!"1S2!S^2^J2!S$2$J82!B`ii!4'/!+2!BS2!IS8`!

!<=4:B@4?@A@#B04BDD4<>EF4�!4..&FG4"B`1!4D^82!"L`g!4D782!1B`B!4DE82!1[`B!4D)82!1i`1!4D.2!

D$82!1g`B!4DH2!D'82!1g`L!4D-82!1j`L!4D+82!MM`g!4D,82!BC`M!4D%82!Bi`B!4D582!Bi`i!4D&82!["`M!

4D082!i[`M!4D$82!i[`i!4D?82!i[`L!4D<82!Lj`C!4DZ82!"[[`j!4D;82!"L1`C!4DG2!D?82!"L1`j!4D(8`!

5=4?PQ-04H&/:FG!MMjC!4I3S82!1jMj31giC!4D3S82!1Cji!4I|I|I82!"LB"4D|l8`!

D07.;70%-)! z>{~! 4Di[S""MILl118!&TE4|! "MBM`Lj`! O(;$)e! >#V:Q~e! z>~I0{~!&TE4|!
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"Lg!

!

G:/AH89<[;#9]<K/BH8?GH9MC%%%

%

!

!

P6-!.(5,(;$)!H0+!('%0&$-)!<(77(H&$G!%6-!5-%6()!(<!)-,/(%-.%&($!(<!05&$-+!4D82!

0+!,07-!*-77(H!+(7&)!&$!E;0$%&%0%&Z-!*&-7)`!!!

!<=4:>4?@A@#B04BDD4<>EF4�!4..&FG4"`1i!4+2!iS2!S782!"`1j!4+2!MS2!S682!"`B13"`Bg!452!

"1S2!S'2!S-2!S/82!"`iC3"`L"!452!1CS2!S.2!S)2!SE2!S+82!1`Mg!4%2!9!|!L`1!SF2!gS2!S,82!1`jB!4%2!

9!|!L`[!SF2!gS2!S%82!B`"[!4%2!9!|!i`M!SF2!1S2!S<82!B`1"!4+2!gS2!S$2$J82!B`1g!4)2!9!|!1`B!SF2!

BS2!S^2^J8`!

!<=4 :B@4 ?@A@#B04 BDD4<>EF4�! 4..&FG4"g`12! 1C`g2! 1[`B2! 1i`L2! 1i`j2! 1L`B2! 1g`M2! 1j`i2!

1g`M2!MB`[2!BC`L2!BL`g2!BL`j2![1`B2!ii`B2!ii`[2!iL`C2!"LM`L2!"LM`j2!"LB`B2!"L[`1`!

5=4?PQ-04H&/:FG!MBMC!4I3S82!1jM[31gi1!4D3S82!1CjL!4I|I|I82!"LMj4D|l8`!

D07.;70%-)! z>{~! 4DB[Sg"ILl"B8! &TE4 |! jBB`"i`! O(;$)e! >#V:Q~e! z>~S{~! &TE4 |!

jB[`"1`!

!
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!

"Lj!

G:/AH89<[;#9]<K/BH8?GH<WJ:6%-P0%+#-+'MC%%%

 

To a suspension of 100!5G!4"LB!�5(78!(<!439;l8M3:lP#3lS2!Lg!5G!41CB!�5(78!(<!

S#PU!0$)!1g!5G!41CB!�5(78!(<!Sl#%!&$![!5V!(<!)/*!)&.67(/(5-%60$-!H0+!0))-)!

Bi!5G!4BM!�5(78!(<!G:/AH89<[;#9]<K/BH8?GH9MC% ! 0$)! %6-!5&K%;/-!H0+! 7-<%! %(!+%&/!

(Z-/$&G6%`! P6-! ./;)-!H0+! )&7;%-)!H&%6! DSD7M! 4"[!5V8! 0$)!H0+6-)! B! %&5-+!H&%6!

S1l`!P6-!(/G0$&.!,60+-!H0+!.($.-$%/0%-)2!)&7;%-)!H&%6!N%l#.!0$)!H0+6-)!B!%&5-+!

H&%6! S1l`! P6-! (/G0$&.! ,60+-! H0+! .($.-$%/0%-)2! )&7;%-)! &$! >-lS! 0$)! )&07*F-)!

0G0&$+%! >-lS! 4.-77;7(+-! 5-5'/0$-! >Y! "CCC8! <(/! "! )0*`! NZ0,(/0%&($! (<! %6-!

+(7Z-$%!G0Z-!%6-!,;/-!,/();.%!0+!0$!(<<3H6&%-!+(7&)`!�&-7)e!LB!u`%

!<=4:>4?<+NA04BDD4<>EF4�!4..&FG!"`1[!4+2!iS2!S782!"`1j!4+2!MS2!S682!"`Mi3"`LC!452!

"MiS2!1S.2!1S)2!gSE2!gS/2!gS+2!"CgSF82!1`M[!4%2!9!|!L`[!SF2!gS2!S,82!M`CC3M`C[!452!iBS2!

SZ2ZJ82!M`11!4%2!gS2!S%82!M`1L!4%2!1S2!S082!M`i"!452!1BS2!SH82!B`"M!4%2!94|!i`M!SF2!1S2!S<82!

B`1i!4+2!gS2!S$2$J82!B`1g!452!BS2!S^2^J8`!

!<=4:B@4?<+NA04BDD4<>EF4�!4..&FG4"g`M!4D62!D782!1[`L!4DE82!1i`L!4D)82!1L`[!4D$82!1g`i!

4DF82!1j`i!4D.82!1j`j!4D'82!MC`"!4D+82!MB`g!4D,82!BC`M2!BL`j2!Bg`C2![1`L2![i`g2!ii`B!452!D$2!

D?2!D<82!g1`g3gM`[!452!D*82!"LM`L2!"LB`i`!

5=4?PQ-04H&/:FG!MB1C!4IS!05&)-82!1Cjj!4IM82!"LMM!4D|l!-+%-/8`!

D07.;70%-)! z>{~! 4D"[LS1g"I1MlB18!&TE4|!M"iM`CB`! O(;$)e!>#V:Q~e! z>~I0{~!&TE4|!

M"gi`i`!
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"gC!

G:/AH89<[;#9]<K/BH8?GH<WJ:6MC%%%

!

!

!

[C!5G!(<!%6-!,/(%-.%-)!,/();.%!G:/AH89<[;#9]<K/BH8?GH<WJ:6%-P0%+#-+'MC%%H-/-!

)&++(7Z-)!&$!"!5V!(<!"e"!PO#oDS1D71!)&++(7;%&($`!P6-!/-0.%&($!5&K%;/-!H0+!0G&%0%-)!

(Z-/$&G6%! ;$)-/! 0/G($! 0%5(+,6-/-`! P6-$2! %6-! +(7Z-$%! H0+! -Z0,(/0%-)! %(! G&Z-! 0!

'/(H$!(&7!H6&.6!H0+!)&++(7Z-)!&$!%6-!+5077-+%!E;0$%&%*!(<!>-lS!0$)!,/-.&,&%0%-)!

&$!N%1l!0+!0!,07-!*-77(H!+(7&)`!P6-!+(7&)!H0+! /-.(Z-/-)!'*!.-$%/&<;G0%&($! 4[!5&$2!

MCCC! /,582!H0+6-)! +-Z-/07! %&5-+!H&%6! -%6-/! 0$)! .-$%/&<;G-)`! P6-! ,;/-! ,/();.%!

H0+!('%0&$-)!&$!0!E;0$%&%0%&Z-!*&-7)!0<%-/!)/*&$G!%6-!+(7&)!&$!/-);.-)!,/-++;/-`!!

!<=4:>4?@A@#B04BDD4<>EF4�!4..&FG!"`1[!4+2!iS2!S782!"`1g!4+2!MS2!S682!"`MC3"`L"!452!

MiS2!S.3)2!SE3+82!1`Mi!4%2!s!|!L`1!SF2!gS2!S,82!M`C!4%2!9!|!L`g!SF2!1S2!S082!M`1!4%2!9!|!i`j!SF2!

gS2!S%82!M`MC!452!iBS2!SK82!M`gC!4'/!+2!M1S2!SZ3H82!B`"B!4%2!94|!i`M!SF2!1S2!S<82!B`1C!4+2!

gS2!S$2$J82!B`1g!452!BS2!S^2^J8`!

!<=4:B@4?@A@#B04BDD4<>EF4�! 4..&FG4"g`1! 4D782! "g`M! 4D682! 1[`i! 4DE82! 1i`i! 4D)82! 1L`C!

4D.82!1L`1! 4D'82!1L`[! 4D/82!1j`[! 4D-82!MC`C! 4D+82!MB`g! 4D,82!BC`M3BC`i! 452!D&2!D582!BL`g!

4D%82![C`1!4D082![C`j3["`[!452!D*82![[`13[[`i!452!DH82![i`"3[i`M!4DZ82!ii`B!4D^2!D$82!iL`C!

4D<82!"L"`j3"L1`M!4D;82!"LM`L!4D(82!"LB`C!4D?82!"LB`g!4DH8`!

5=4?PQ-04H&/:FG!MBMB!4l3l3S!.0/'(K*7&.!0.&)82!MCjL!4I3S!05&)-82!1j"g31gBj!4D3S82!

1"C"!4IM82!"LMC!4D|l!-+%-/82!"iLj!4D|l!05&)-8`!
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"g"!

G:/AH89<[;#9]<K/BH8?GH<WJ:6;5MC%%

%!

!

!

P6-!,/();.%!H0+!)&++(7Z-)! &$!SNRN@!C`"5>!0$)!M-Eo:lP#!(<!=)D7M!H0+!0))-)2!

%6-! /-0.%&($! H0+! 077(H-)! %(! +%&/! (Z-/$&G6%`! P6-$2! N:P#! C`1! >! H0+! 0))-)! 4"`1!

-Eo=)D7M8!&$!(/)-/!%(!.(5,7-K!%6-!-K.-++!(<!=)!/-50&$&$G!&$!%6-!+(7;%&($!0$)!%6-!

+(7;%&($! H0+! +%&//-)! <(/! 1! 6(;/+`! P6-! +(7;%&($! H0+! %6-$! )&07*F-)! 0G0&$+%! 5&7&T!

H0%-/! 4.-77;7(+-! 5-5'/0$-! >Y! "CCC82! 0$)! %6-! ,;/-! ,/();.%! H0+! </--F-3)/&-)`!

Y6&%-!+(7&)`!

=+#$8)6)3X4&+$%*-+&+,3%G!-"!|!1`[C!5>3"
=)`+3"2!-1!|!1`j[!5>3"

=)`+3"`!

O[5=4 ?PQ-04 H&/:FG! M1L[! 4�IS2! �lS82! MCiB31j1j! 4�DS182! 1"BC! 4�IM82! "i[13"iM[!

4�D|l82!"[[g3"[BC!4l3D3l3!.0/'(K*70%-+8`!
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!

!

"g1!

>'.&)'X2*%V.*",%),"5%%

%

!

!

O(7&.!0.&)!4[CC!5G2!"`"M!55(78!H0+!)&++(7Z-)!-$!1C!5V!(<!:>@l!0$)!C`1[!5V!(<!

%/&-%6*705&$-`! :DD! 41[L! 5G2! "`1[! 55(78! 0$)! :>#R! 41g! 5G2! C`1M! 55(78! H-/-!

0))-)!0$)!%6-!/-0.%&($!5&K%;/-!H0+!+%&//-)!0%!/((5!%-5,-/0%;/-2!&$!%6-!)0/?$-++!

<(/!1B!6`!P6-$2!,/(,0G&7&.!05&$-!4"1L!5G2!1`1i!55(78!H0+!0))-)!0$)!%6-!5&K%;/-!

H0+! +%&//-)! <(/! (%6-/! 1B! 6(;/+`! #<%-/H0/)+2! %6-! <(/5-)! :DU! H0+! /-5(Z-)! '*!

<&7%/0%&($! 0$)! %6-! ./;)-! H0+! ,/-.&,&%0%-! &$! N%l#.`! P6-! *-77(H! ,/-.&,&%0%-)! H0+!

/-.(Z-/-)!'*!<&7%/0%&($2!)&++(7Z-)!&$!">!I0lS!0$)!,/-.&,&%0%-)!'*!%6-!0))&%&($!(<!

">! SD7`! P6-! (/0$G-! +(7&)! H0+! /-.(Z-/-)! '*! <&7%/0%&($! 0$)! H0+6-)! H&%6! "e"!

N%lSoS1l!&$!Lgu!*&-7)`!%

!<=4:B@4 ?@A@#B04BDD4<>EF4�! 4..&FG! "`gL31`C1! 452! 1S2! S<82! 1`"[31`MC! 452! 1S2! S-82!

1`Bi!4%2!9!|!"`g!SF2!"S2!IS82!M`CC!4%2!9!|!1`"!SF2!"S2!S082!M`Lj!4%2!94|!1`L!SF2!1S2!S.82!

B`1i3B`MC!452!"S2!SG82!B`[1!4+2!1S2!S$82!i`i1!4)2!9!|!g`L!SF2!1S2!S782!L`i1!4)2!9!|!L`[!SF2!

1S2!S?82!g`Cj3g`"i!4))2!9!|!L`[!SF24974|!"M`1!SF2!"S2!IS82!g`1i3g`MC!4%2!9|![`L!SF2!"S2!

IS82!g`BC!4'/!+2!1S2!IS182!g`L"!4+2!"S2!S,8`!

!<=4:>4?@A@#B04BDD4<>EF4�!4..&FG!1i`M!4D<82!1L`L!4D.82!MC`M!4D<82!B[`i!4D$82!L1`i!4D082!

g"`"!4D'82!"""`1!4D782!"1"`B!4D^82!"1L`j!4D?82!"BL`i!4D582!"BL`L!4D,82!"[C`[!4D(82!"["`[!

4DE82!"[1`L!4D%82!"[g`i!4D+82!"ii`1!4D&82!"L"`M!4D/82!"LM`[!4D)82!"LM`g!4D68`!

5=4?H&/:04PQ-FG!MMLg!4I3S2!l3S2!Dll3S82!"igB3"L"i!4D|l!05&)-2!0.&)2!.0/'(K*70%-82!

"BC[!4l3D3l!.0/'(K*70%-8`!

D07.;70%-)!z>{~!4D11S11Igl[8!&TE4|!BLg`Bi`!O(;$)e!>#V:Q~e!z>~S{~!&TE4|!BLj`C`!
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!

"gM!

&'.&<9<232*%9@9@B<-'"F+-42*<8@:<5".L)3+<B<,)'!.L2*)-+%%

%

!

!

[!G! 41g`LC!55(78!(<! &+(,/(,*7&)-$-312131)%45-%6(K*8,/(,&($&.!0.&)! 4+*$%6-+&+! &$!

D60,%-/! "2! "3"82! "`L[! 5V! 4MC`"B! 55(78! (<! ,/(,0/G*7! 07.(6(7! 0$)! M`Mg! G! 4""`Bg!

55(78! (<!:RP@!H-/-! )&++(7Z-)! &$! [C!5V! (<! )/*! )&.67(/(5-%60$-`! P6-! <70+?!H0+!

<7;+6-)!H&%6!0/G($2!.((7-)!%(!C�D2!0$)!0!+(7;%&($!(<!g`gg!G!4BM`C[!55(78!(<!:DD!&$!

"C!5V!(<!)&.67(/(5-%60$-!H0+!0))-)!)/(,H&+-`!P6-!/-0.%&($!H0+!077(H-)!%(!+%&/!

0%!/((5!%-5,-/0%;/-2!;$)-/!0/G($!0%5(+,6-/-!<(/!1B!6(;/+`!P6-!/-0.%&($!5&K%;/-!

H0+!%6-$!<&7%/0%-)!0$)!%6-!+(7Z-$%!H0+!-Z0,(/0%-)`!P6-!(&7o+(7&)!5&K%;/-!('%0&$-)!

H0+!+%&//-)!H&%6!6-K0$-2!0$)!%6-!+(7&)!<&7%-/-)!(<<`!P6-!,/();.%!H0+!%6-$!,;/&<&-)!

'*!.(7;5$!.6/(50%(G/0,6*!-7;%&$G!H&%6!)&.67(/(5-%60$-!%(!('%0&$!B`LC!G!411`"B!

55(72!LL!u8!(<!%6-!,;/-!,/();.%!0+!0!G/--$!(&7`%

!<=4:>4?@A@#B04BDD4<>EF4�!4..&FG4"`1"!4+2!MS2!S<82!"`Mg!4+2!MS2!S&82!"`B1!4+2!MS2!S&J82!

1`Bi!4%2!9!|!1`B!SF2!"S2!S082!M`i[!4)2!94|!""`L!SF2!1S2!SG82!B`1C!4)2494|!"1!SF2!1S2!SGJ82!

B`LM!4)2!94|!1`B!SF2!1S2!S.8`4

!<=4:B@4?@A@#B04CDD4<>EF4�!4..&FG4"g`M!4D<82!11`[!4D&82!1B`[!4D&J82!B"`g!4D-82![1`M!4D.82!

i[`g!4DG82!LB`j!4D082!LL`B!4D'82!jg`C!4D682!"LM`M!4D)8`!

5=4?PQ-04H&/:FG!M1LM!4"D3S82!1gLi31jB"31jj1!4D3S82!1"1j!4D"D82!"LMj!4D|l8`!

D07.;70%-)!z>{~!4D""S"ilB8!&TE4|!1"1`"C`!O(;$)e!>07)&e!z>~I0{~!&TE4|!11[`"`!
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! <;8KJHM9%
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!

P6-!,/();.%!H0+!('%0&$-)!<(77(H&$G!%6-!+*$%6-%&.!5-%6()!498!(<!)-,/(%-.%&($!%6-!

6*)/(K*7!G/(;,+`!Y6&%-!+(7&)`!jg!u!*&-7)`!!

!<=4:>4?@A@#B04BDD4<>EF4�!4..&FG4"`Cj!4+2!MS2!S<82!1`Bj!4%2!s!|!1`L!SF2!S082!1`Li!4'/!+2!

lS82!M`L1!4)2!s!|!""`B!SF2!SG82!M`j1!4)2!s!|!""`B!SF2!SGJ82!B`L[!4)2!s!|!1`B!SF2!1S2!S.8`4

!<=4:B@4 ?@A@#B04CDD4<>EF4�! 4..&FG! "i`j! 4D<82! Bj`M! 4D-82! [1`B! 4D.82! iL`C! 4DG82! L[`1!

4D082!LL`M!4D'82!"LB`j!4D)8`!

5=4 ?PQ-04 H&/:FG! MMji! 4l3S82! M1jM! 4"D3S82! 1jB[31gg[! 4D3S82! 1"1L! 4D"D82! "L1j!

4D|l8`!

D07.;70%-)!z>{~!4DgS"1lB8!&TE4|!"L1`"g`!O(;$)e!N@Q~e!z>~S{~!&TE|"LM`C2!z>~I0{~!

5oF|"j[`C`!
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P6-! ,/();.%! H0+! ('%0&$-)! <(77(H&$G! %6-! +*$%6-%&.! 5-%6()! 4#8! <(/! @%-G7&+6!

-+%-/&<&.%&($`!P6-! ./;)-!,/();.%!H0+!,;/&<&-)!'*! .(7;5$!.6/(50%(G/0,6*!-7;%&$G!

G/0);077*!H&%6!0!5&K%;/-!(<!Be"!S-K0$-eN%l#.! %(!0!5&K%;/-!(<!"e"!S-K0$-eN%l#.`!

P6-!,;/-!,/();.%!H0+!('%0&$-)!0+!*-77(H!(&7!&$!0!Lj!u!*&-7)!4B`CM!G2!g`ML!55(78`!

!<=4:>4?@A@#B04BDD4<>EF4�!4..&FG4"`"i!4+2!iS2!S^82!"`M"!4+2!MS2!S<82!"`Mi!4+2!iS2!S582!

"`B"!4+2!iS2!S5J82!1`Bi!4%2!9!|!1`B!SF2!"S2!S082!M`i"!4)2!9!|!"1!SF2!BS2!S?J82!B`"[!4)2!9!|!

"1!SF2!BS2!S?J82!B`MM!4+2!BS2!SG2GJ82!B`L"!4)2!9!|!1`B!SF2!1S2!S.8`4

!<=4:B@4?@A@#B04CDD4<>EF4�! 4..&FG4"L`[! 4D<82!"g`B! 4D^82!1"`i! 4D582!1[`B! 4D5J82!BM`i!

4D-82! Bi`L! 4D&82! [1`i! 4D.82! i[`1! 4DG82! i[`j! 4D?82! L[`M! 4D082! LL`"! 4D'82! jg`C! 4D782! "L"`g!

4D)82!"LM`B!4D$8`!

5=4?PQ-04H&/:FG!M1Bj!4"D3S82!1jjM31j1M31g[L!4D3S82!1"1"!4D"D82!"LMM!4D|l8`!

D07.;70%-)!z>{~!4D1BSMil"C8!&TE4|!BgB`[B`!O(;$)e!>#V:Q~e!z>~I0{~!&TE|[CL`1`!
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!

P6-!,/();.%!H0+!('%0&$-)! <(77(H&$G! %6-! +*$%6-%&.!5-%6()! 498!(<!)-,/(%-.%&($!(<!

%6-!1)%3>R#!6*)/(K*7!G/(;,+`!P6-!,;/-!,/();.%!H0+!('%0&$-)!&$!0!jB!u!*&-7)!4M`C1!

G2!L`Bi!55(78`!

!<=4:>4?@A@#B04BDD4<>EF4�!4..&FG4"`C[!4+2!iS2!S^82!"`MB!4+2!MS2!S<82!1`Bj!4%2!9!|!1`B!

SF2!"S2!S082!M`L"!4))2!9!|!i!SF2!9!|!""`B!SF2!BS2!S?82!M`gL!4))2!9!|![`"!SF2!9!|!"C`[!SF2!

BS2!S?J82!B`MC!4)2!9!|!""`"!SF2!1S2!SG82!B`BL!4)2!9!|!""`"!SF2!1S2!SGJ82!B`LB!4)2!9!|!1`B!SF2!

1S2!S.8`4

!<=4:B@4?<+NA04CDD4<>EF4�! 4..&FG! "L`M! 4D<82! "g`"! 4D^82! BC`[! 4D-82! BL`j! 4D&82! ["`g2!

[M`i!4D.82!i[`g!4D?82!ii`M!4DG82!Li`L!4D082!Lg`[!4D'82!"LM`L!4D)82!"L[`j!4D68`!

5=4?PQ-04H&/:FG!MM"C3MBC1!4l3S82!M1[g!4"D3S82!1j1M31g[M!4D3S82!1"1[!4D"D82!"LM"!

4D|l8`!

D07.;70%-)!z>{~!4D"gS1gl"C8!&TE4|!BCB`B"`!O(;$)e!>#V:Q~e!z>~I0{~!&TE|B1L`1`!
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P6-! ,/();.%!H0+! ('%0&$-)! <(77(H&$G! %6-! +*$%6-%&.!5-%6()! 4#8! <(/! -+%-/&<&.0%&($`!

The crude product was purified by column chromatography eluting with a mixture 1:1 

of Hexane:EtOAc. The pure product was obtained in a 73 % yield (1.86 g, 1.80 mmol) 

as a white solid.!

!<=4:>4?@A@#B04CDD4<>EF4�!4..&FG4"`"M!4+2!"1S2!S$82!"`1L!4+2!iS2!S^82!"`1j!4+2!MS2!S<82!

"`MB!4+2!"1S2!SE82!"`BC!4+2!"1S2!SEJ82!1`[B!4%2!9!|!1`B!SF2!"S2!S082!M`i"!4)2!9!|!"1`B!SF2!

gS2!S(82!B`"B!4)2!9!|!"1!SF2!gS2!S(J82!B`MC!452!"1S2!S?2?J2!SG2GJ82!B`LM!4)2!s!|!1`B!SF2!1S2!

S'8`4

!<=4 :B@4 ?@A@#B04 CDD4<>EF4�! 4..&FG4"L`[2! "L`i2! "g`B2! 1[`12! B1`C2! Bi`i2! Bi`g2! [1`g2!

iB`j2!i[`i2!i[`j2!ii`C2!ii`"2!L[`L2!jg`"2!"L"`g2!"LM`[`!

5=4?PQ-04H&/:FG!M1ij!4"D3S82!1jj131g[M!4D3S82!1"1g!4D"D82!"LMM!4D|l8`!

D07.;70%-)!z>{~!4D[CSLil118!&TE4|!""1g`Bg`!O(;$)e!N@Q~e!z>~S{~!&TE|""1j`1`!

W#+&+,3$#4$,$#X%)%4H$#H*#$3+(G!D2![g`M[n!S2!L`BBn!l2!MB`1C`!O'*,(G!D2![g`1Cn!S2!L`[gn!l2!

MB`11`!
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!

P6-!,/();.%!H0+!('%0&$-)! <(77(H&$G! %6-!+*$%6-%&.!5-%6()! 498`!P6-!,;/-!,/();.%!

H0+!('%0&$-)!&$!gj!u!*&-7)!4"`M[!G2!"`[[!55(78!0+!0!H6&%-!+(7&)`!

!<=4:>4?<+NA04CDD4<>EF4�!4..&FG4"`"[!4+2!"1S2!S$82!"`MC!4+2!iS2!S^82!"`M1!4+2!MS2!

S<82! 1`jj! 4%2! 9! |!1`B!SF2!"S2!S082! M`[g3M`ij! 452!"iS2!S(2(J82! B`1M3B`M[! 452!"1S2!S?2?J2!

SG2GJ82!B`Lg!4)2!94|!1`B!SF2!1S2!S.8`!4

!<=4 :B@4 ?@A@#B04 CDD4<>EF4�! 4..&FG4"L`M2! "g`C2! "g`M2! Bg`C2! ["`g2! [M`g2! i[`g2! ii`12!

iL`C2!iL`12!LL`C2!Lg`i2!"LM`M2!"LM`g2!"L[`j`!

5=4?PQ-04H&/:FG!MMLg!4l3S82!1jB131gg[!4D3S82!111B!4D"D82!"L1j!4D|l8`!

D07.;70%-)!z>{~!4DMgSiCl118!&TE4|!gig`Mi`!O(;$)e!N@Q~e!z>~S{~!&TE4|!gij`"`!
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!

P6-! .(5,(;$)!H0+! ('%0&$-)! <(77(H&$G! %6-! @%-G7&+6! -+%-/&<&.0%&($! ,/(.-);/-! 4#8` 

The crude product was purified by column chromatography eluting with a mixture 7:3 

of Hexane:EtOAc. The pure product was obtained in a 38% yield (886 mg, 0.42 mmol) 

as a white solid.!4

!<=4:>4?@A@#B04CDD4<>EF4�!4..&FG4"`1[!4+2!"1S2!S$82!"`1i!4+2!iS2!S^82!"`MM!4+2!MS2!S<82!

"`Bi!4+2!L1S2!S%82!1`[j!4%2!s!|!1`B!SF2!"S2!S082!M`jC!4+2!"iS2!SE82!B`1[!452!1gS2!SG2!S?2!

S(82!B`L[!4)2!s!|!1`B!SF2!1S2!S.8`!

!<=4:B@4?@A@#B04CDD4<>EF4�!4..&FG4"L`[3"L`j!452!D$2!D^2!D<82!1g`M!4D%82!B1`1!4DE82!Bi`B!

4D582!Bi`i!4D-82!Bi`L!4D&82![1`j!4D.82!i[`B3i[`L!452!DG2!D?2!D(82!L[`g!4D082!LL`1!4D'82!gC`C!

4D+82!"[[`g!4D/82!"LC`"!4D,82!"L"`B!4D782!"L"`i!4D682!"L"`g!4D)8`!

5=4?PQ-04H&/:FG!MBC1!4I3S82!1jgC!4D3S82!"LBg3"L"L!4D|l8`!

D07.;70%-)!z>{~!4DjBS"BgIglBi8!&TE4|!1"1B`j[`!O(;$)e!N@Q~e!z>~I0{~!&TE4|!1"Bg`i`!
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!

P6-! ,/();.%! H0+! ('%0&$-)! <(77(H&$G! %6-! 5-%6()! <(/! %6-! )-,/(%-.%&($! (<! 05&$-!

G/(;,+!4D82!0+!0!*-77(H!+(7&)!&$!0!E;0$%&%0%&Z-!*&-7)`!!!

!<=4:>4?<+NA04BDD4<>EF4�!4..&FG4"`MB!4+2!"1S2!S$82!"`M[!4+2!iS2!S^82!"`Mj!4+2!MS2!

S<82!M`Ci!4%2!9!|!1`"!SF2!"S2!S082!M`j[!452!"iS2!SE82!B`M13B`Mg!452!"1S2!SG2!S?82!B`B13

B`B[!452!"iS2!S(82!B`g1!4)2!94|!1`B!SF2!1S2!S.8`!

!<=4:B@4?<+NA04BDD4<>EF4�!4..&FG!"g`"!452!D<2!D^2!D$82!B"`1!4DE82!BL`L!4D-2!D^2!D582!

[B`C!4D.82!ii`j!4DG82!iL`L!4D?2!D$82!LL`MB!4D082!Lg`ig!4D'82!"ig`B!4D,82!"LM`M!452!D)2!D62!

D78`!

5=4?PQ-04H&/:FG!MBMM!4I3S82!1jgM!4D3S82!1111!4D"D82!"LBi!4D|l8`!

D07.;70%-)! z>{~! 4D[BSgBIglMC8!&TE4 |! "M1[`1g`! O(;$)e! >#V:Q~e! z>~I0{~!&TE4 |!
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X6()05&$-!9!'0+-!4BLj!5G2!"!55(782!,/(,0/G*7!07.(6(7! 4i1!5G2!"`"!55(782!N:D!

41""!5G2!"`"!55(78!0$)!:>#R!41B!5G2!C`1!55(78!H-/-!)&++(7Z-)!&$![!5V!(<!)/*!

)&.67(/(5-%60$-`! P6-! /-0.%&($!H0+! <7;+6-)!H&%6! 0/G($2! ,/(%-.%-)! </(5! %6-! 7&G6%!

0$)! +%&//-)!(Z-/$&G6%`!P6-$2! "C!5V!(<!)&.67(/(5-%60$-!H-/-! 0))-)!0$)!H0+6-)!

H&%6!H0%-/! 41!K!"C!5V82!C`"!>!SD7! 4"C!5V8!0$)!'/&$-! 4I0D78`!P6-!(/G0$&.!,60+-!

H0+!)/&-)!(Z-/!0$6*)/(;+!>G@lB!0$)!.($.-$%/0%-)!;$)-/!/-);.-)!,/-++;/-`!P6-!

./;)-!H0+!,;/&<&-)!'*!.(7;5$!.6/(50%(G/0,6*!-7;%&$G!H&%6!"e"C!>-lSoDSD7M!0$)!

('%0&$-)!&$![j!u!*&-7)!0+!0!)0/?!<;.6+&0!+(7&)`!

!!<=4:>4?@A@#B04BDD4<>EF4�!4..&FG!"`MM!4%2!9!|!i`j!SF2!"1S2!S,82!1`B1!4%2!9!|!1`B!SF2!

"S2!S082!M`i[!4E2!9!|!L`1!SF2!gS2!S(82!B`i1!4)2!9!|!1`B!SF2!1S2!S.82!i`gB!4)2!9!|!1`"!SF2!

1S2!S$82!i`j[!4))2!9!|!1`B!SF2!j`M!SF2!MS2!S582!L`C[!4)2!9!|!j`i!SF2!1S2!S782!L`M[!4))2!9!|!

"`1!SF2!L`g!SF2!"S2!S682!L`L[!4)%2!9!|!"`1!SF2!L`[!SF2!"S2!S<82!L`g[!4)%2!9!|!"`1!SF2!L`[!

SF2!"S2!SG82!g`M1!4))2!9!|!C`j!SF2!L`g!SF2!"S2!S-8`!

!<=4:B@4?@A@#B04BDD4<>EF4�! 4..&FG! "1`i! 4D,82! Bi`"! 4DE82! [1`j! 4D.82! L[`[! 4D082! LL`1!

4D'82!ji`[!4D$82!""M`[!4D582!""B`M!4D5J82!"1j`1!4D682!"MC`M!4D<82!"M"`"!4D782!"M"`[!4D-82!

"MM`[!4DG82!"MM`g!4D^82!"[[`i!4D?82!"[L`g!4D(82!"[g`"!4D&82!"iB`1!4D)8`!!

D07.;70%-)!z>{~!4DM"SMMI1lM8!&TE4|!Bg"`iC`!O(;$)e!>#V:Q~e!z>{~!&TE4|!Bg"`M`!
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!

Q$!($-!60$)2!%6-!0F&)-!<;$.%&($07&F-)!M/)!G-$-/0%&($!05&$0%-)!)-$)/($!4+*$%6-+&+!

&$!D60,%-/!"2!"3g8!4"gB!5G2!gM!�5(78!0$)!07?*$-!<;$.%&($07&F-)!/6()05&$-!!4[C!5G2!

"CC! �5(78! H-/-! )&++(7Z-)! &$! :>O`! Q$! %6-! (%6-/! 60$)2! .(,,-/! +;7,60%-!

,-$%06*)/0%-)! 41`[! 5G2! "C! �5(78! 0$)! +()&;5! 0+.(/'0%-! 4B! 5G2! 1"! �5(78! H-/-!

+%&//-)!&$!:>O!<(/!($-!6(;/`!Y6-$!%6-!D;4Q8!H0+!<(/5-)2!%6-!+(7;%&($!.($%0&$&$G!

/6()05&$-! 0$)!)-$)/($!H0+! 0))-)! 0$)! %6-! /-0.%&($!5&K%;/-!H0+! 0G&%0%-)! <(/! "!

)0*+2! 0%! /((5! %-5,-/0%;/-2! ;$)-/! 0/G($! 0%5(+,6-/-`! #<%-/! %6&+! %&5-2! "C! 5V! (<!

)&.67(/(5-%60$-!H-/-!0))-)!0$)!%6-!./;)-!H0+!H0+6-)!H&%6!'/&$-!4"!K![!5V8!0$)!

H&%6!H0%-/! 4M!K![!5V8`!P6-!(/G0$&.!,60+-!H0+!)/&-)!(Z-/!0$6*)/(;+!>G@lB!0$)!

.($.-$%/0%-)! ;$)-/! /-);.-)! ,/-++;/-! %(! G&Z-! %6-! ,;/-! ,/();.%! 0+! 0! )0/?! ,;/,7-!

+(7&)!&$!gB!u!*&-7)`!!

!<=4:>4?@A@#B04BDD4<>EF4�!4..&FG!"`113"`BM!452!"C[S2!S/2!S%2!SZ2!S*2!S082!"`iM3"`i[!

452!BS2!S(2!S$82!"`gM3"`gL!452!BS2!S52!S,82!M`iC3M`iL!4E2!9!|!i`j!SF2!gS2!S'82!M`gL!4)2!9!
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In this setting, the rational use of drugs in combating malaria is
crucial for reducing malaria disease and associated deaths. The
treatment regimens of malaria are directly correlated to parasite drug
resistance and dictated by government political strategies of prevention
and control of morbidity and mortality due to the disease [18].
Considering the small number of new drugs or innovative antimalarial
medicines approved since 1990, the search for more efficient and less
toxic antimalarials, the development of a successful vaccine, and the
design of nanotechnology-based delivery systems applied to drugs and
antigens are likely to be the main strategies in combating this disease.

Nanocarriers are useful tools to improve the pharmacokinetic profile
of effective drugs that due to poor water solubility, low bioavailability
and high toxicity have been limitedly implemented in the pharmaco-
therapy [19–21]. Nanocarriers havebeenproposed formalaria diagnosis

[22,23], treatment [21,24,25] and vaccine formulation [17,26–29]. The
development of drug resistance bymalaria parasites may also be due to
the use of ineffective pharmaceutical dosage forms of antimalarials.
Nanotechnology systems may therefore afford a better therapeutic
outcome by targeting drugs specifically to their site of action. Malaria
parasites frequently develop drug resistance due to the administration
of lowdrug concentrations in the presence of a high parasitic count[30].
Furthermore, nanotechnology has the potential to restore the use of old
and toxic drugs bymodifying their biodistribution and reducing toxicity
[21]. This advantage is particularly important in malaria therapy, since
the development of new dosage forms for delivering drugs to parasite-
infected cells is urgently needed, especially for the antimalarials in
clinical use. Nanocarriersmay not only allow the use of potentially toxic
antimalarials [25,31–33], but also increase the efficacy of the immune
response in vaccine formulations [17,26,29,34].

The present review is intended to shed light on some biological
aspects of malaria and to relate them to the use of nanotechnology as a
promising strategy for malaria treatment. A number of approaches to
deliver antimalarial agents and the mechanisms that facilitate their
targeted delivery to Plasmodium-infected cells will be emphasized,
taking into account the peculiarities of malaria parasites. The focus will
be particularly on lipid-based nanocarriers such as liposomes, solid lipid
nanoparticles, nanoemulsions and microemulsions, and on polymeric-
based nanosystems, such as nanocapsules and nanospheres for the
treatment of malaria.

2. Malaria as a complex parasitic disease

In order to discuss the challenges associated with malaria therapy,
the complexity of the disease should be taken into consideration and
biological aspects of the parasite at different stages of its development in
infectedhumans need to be understood.P. falciparumandP. vivax are the
most prevalent Plasmodium species causing malaria.P. falciparum is the
etiological agent of severe and potentially fatal malaria. P. vivax and

Fig. 2. Estimated world population in different phases of malaria control and
elimination grouped by WHO regions.
Source: WHO 2008: [6].

Fig. 1. Malaria-free countries and malaria-endemic countries in phases of control, pre-elimination, elimination and prevention of reintroduction at the end of 2007. World Malaria
Risk Areas.
Source WHO 2008: [151].
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! Q$! %6-! 7&<-!.*.7-!(<!"#$%&'()*&!,0/0+&%-+"[C!%6-! <-507-!\,'.Y+#+%!5(+E;&%(!

&$(.;70%-+!"#$%&'()*&!+,(/(F(&%-+!%60%!'&$)!%(!0$)!&$<-.%!6-,0%(.*%-+!&$!%6-!7&Z-/!

0$)! ,/(7&<-/0%-! &$%(! %6(;+0$)+! (<! 5-/(F(&%-+`! P6-! 5-/(F(&%-+! /;,%;/-! </(5! %6-!

6-,0%(.*%-+! 0$)! &$Z0)-! /-)! '7(()! .-77+! 4X9D+8! H6-/-! %6-*! )-Z-7(,! &$%(! /&$G+2!

%/(,6(F(&%-+2! 0$)! %6-$! &$%(! +.6&F($%+! 4O&G;/-! g18! %60%! ';/+%! 0$)! /-7-0+-! 5(/-!

5-/(F(&%-+2!H6&.6!+%0/%!%6-!'7(()!.*.7-!0G0&$`!!

!

!

9LM3NB#\5O#@LBEF6#F=6LPLPM#IS#',6FEIJL3E%LPSB>=BJ#$"*FR#!=#=HB#NLPM#^!_`#=NI)HIVIL=B#^"_`#

6PJ#F>HLVIP=#^*_#F=6MBF#IS#>7%V)*,"&)'0FR#!J6)=BJ#SNIE#'R#7N(6P#B=#!,RAKA#

!

9-.0;+-!(<! %6-! 7($G!);/0%&($!(<! %6-! &$%/03-/*%6/(.*%&.! +%0G-!0$)! %6-! +6--/!

$;5'-/+!(<!,0/0+&%-+!&$!%6&+!,60+-!0%!0$*!%&5-2!"#$%&'()*&3&$<-.%-)!X9D+!4,X9D+8!

0/-!%6-!50&$!%0/G-%!<(/!.6-5(%6-/0,-;%&.!0,,/(0.6-+`"[1!#!Z0/&-%*!(<!<0.%(/+!+;.6!

0+!%6-!7(.07&+0%&($!(<!%6-!)&+-0+-2!%6-!.($)&%&($+!(<!%/0$+5&++&($2!%6-!.(5,7-K&%*!(<!

%6-!,0/0+&%-!7&<-!.*.7-2!%6-!)/;G!/-+&+%0$.-!0$)!SQA!.(3&$<-.%&($+2!/-);.-!%6-!+;..-++!

(<! .6-5(%6-/0,*`"! O;/%6-/5(/-2! )/;G+! ;+-)! <(/! %6-! %/-0%5-$%! (<! 5070/&0! .0;+-!

+-Z-/-! +&)-! -<<-.%+`! :-,-$)&$G! ($! %6-! "#$%&'()*&! +,-.&-! /-+,($+&'7-! <(/! %6-!

&$<-.%&($2!0$)!($!(%6-/!<0.%(/+!+;.6!0+!%6-!+-/&(;+$-++!(<!%6-!)&+-0+-2!%6-!-K&+%-$.-!

(<! %6-! ,/-3&$<-.%&($! -K,(+;/-2! 0$)! %6-! )-%-/5&$0%&($! (<! %6-! .7&$&.07! +%0%;+! (<! %6-!

,0%&-$%!0$)!)/;G!+;+.-,%&'&7&%*2!%6-!0,,/(,/&0%-!%/-0%5-$%!.0$!'-!.6(+-$`!

!

! l%6-/! +%/0%-G&-+! 0/-! -5,7(*-)! %(! ,/-Z-$%! 5070/&0! &$<-.%&($! 7&?-! %6-!

-7&5&$0%&($!(<! %6-!5(+E;&%(!Z-.%(/!(<! %6-!,0/0+&%-+!;+&$G! 7($G370+%&$G! &$+-.%&.&)07!

$-%+! 0$)! &$)((/! /-+&);07! +,/0*&$G! (<! &$+-.%&.&)-+`! #))&%&($077*2! &$! %6-! .0+-! (<!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"GV
!#$!K7-'b+/!ZMG$!2("!(''%"!A8F/!;W?VH;W?>$!

"G"
!Q$!g.^+(/!J$!@8-',.C3B/!J$!J4'9+/!J$!X2.-Y8/!Z$!D'.(s(4'[HA78n7'-8"!ODQ"!('!!"!P/!W<VHW<=$!

"G<
!1$O$!%.CaaC-B/!6$O$!6'*C8/!O$!N+,C/!N$@$!Q+.C8'/!2?B?"!(''%"!AI8/!<<W;H<<??$!
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,/-G$0$%! H(5-$2! &$%-/5&%%-$%! ,/-Z-$%&Z-! %/-0%5-$%! H&%6! 0$%&5070/&07! )/;G! 60+!

'--$!;+-)!%(!/-);.-!%6-!&5,0.%!(<!%6-!&$<-.%&($!($!%6-!<-%;+!);/&$G!,/-G$0$.*`!!!

I-Z-/%6-7-++!-K%/&$+&.!<0.%(/+!+;.6!0+!%6-!,((/!)&+%/&';%&($!(<!5-)&.&$-+!&$!

)&<<-/-$%! .(;$%/&-+2! )/;G! &$%-/0.%&($+2! +(.&(3-.($(5&.! .($)&%&($+! (<! 0<<-.%-)!

,(,;70%&($+!0$)!/-+&+%0$.-!(<!%6-!Z-.%(/!%(!&$+-.%&.&)-+!&$./-0+-!%6-!)&<<&.;7%&-+!<(/!

%6-!-/0)&.0%&($!(<!5070/&0!&$!%6-!H(/7)`!P6-!'-+%!+(7;%&($!&$!%-/5+!(<!-<<&.&-$.*!0$)!

.(+%! %(! <&G6%! 0G0&$+%! %6-! )&+-0+-! H(;7)! '-! %6-! Z0..&$0%&($! (<! %6-! -$)-5&.!

,(,;70%&($!';%!;$%&7!$(H!%6-/-! &+!$(%!0!.(55-/.&077*!0Z0&70'7-!Z0..&$-!%(!.($%/(7!

5070/&07! &$<-.%&($`! S(H-Z-/2! %H(! Z0..&$-+2! ?$(H$! 0+! XP@2@o#@C"9! 0$)!

XP@2@o#@C192"[M!0/-!;$)-/G(&$G!,60+-!Q!0$)!QQ!.7&$&.07!%/&07+`!!

! !

! P(!,/-Z-$%!)/;G3/-+&+%0$.-!5-.60$&+5+! &$!5070/&0! %6-/0,*!0$)!$;5-/(;+!

+&)-!-<<-.%+!);-!%(!,/(7($G-)!.($Z-$%&($07!%6-/0,*2!$-H!+%/0%-G&-+!<(/!&$%/0.-77;70/!

0$%&5070/&07! )/;G! )-7&Z-/*! 0/-! ;/G-$%7*! $--)-)`! I0$(%-.6$(7(G*! .(;7)! '-!

.($Z-/%-)!&$!0!G(()!%6-/0,-;%&.!H-0,($!%0/G-%&$G!-K&+%&$G!)/;G+2!&$./-0+&$G!%6-&/!

-<<&.&-$.*!0$)!0Z(&)&$G!)/;G3/-+&+%0$.-`!O(/!&$+%0$.-2!)/;G+!-$.0,+;70%-)!&$!$0$(3

+*+%-5+! 0'7-! %(! ,0++! %6/(;G6! %6-! )&G-+%&Z-! Z0.;(7-! 5-5'/0$-! '*! )&<<-/-$%!

5-.60$&+5+! .(;7)! '-! ;+-)! &$! (/)-/! %(! '*,0++! .67(/(E;&$-! 4($-! (<! %6-! .;//-$%7*!

;+-)!0$%&5070/&07!)/;G+8! %/0$+,(/%-/+`!l$-!(<! %6-!5(+%! &5,(/%0$%!,/(,-/%&-+!(<!0!

$0$(3.0//&-/!&$!%6-!.($%-K%!(<!5070/&0!&+!%6-!0'&7&%*!%(!/-50&$!&$!%6-!'7(()!+%/-05!

<(/! 0! 7($G! ,-/&()! (<! %&5-! &$! (/)-/! %(! &5,/(Z-! %6-! &$%-/0.%&($! H&%6! &$<-.%-)! /-)!

'7(()!.-77+!4,X9D+8!0$)!,0/0+&%-!5-5'/0$-+`!!
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"GI
!1$@$!1'8-'./! 0$D$!X7LLC(:8/!c$!ca2.CHJ(PC(+L/!X$D$!c3)'(B278'/!g$!1.[P3B/!Q$!N2.C8/!#$! O3B*'()/!S$!

&'^'^'/! @$! QC(',C8/! 6$! 072LU+L/! 0$! 5C,,C+L8/! N$! &2*,'./! E$J$! O-'*+.-/! #$J$! 5C.-[/! N$HX$! &7^2C8/! N$!

6C'9'(8/!0$!X2B'(/!5$#$!A+,,27/!&$%$!M'UU('.!0."!!2(!L*J,@'(!Y.-("!(''"/!A>>/!II?HI;W$!
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!"#$%#$%&%'(")&*'+&*,(-./(,+#0-")&*'+&-0()12*'3,+

#5,6&,6&7&.! 5(7-.;7-+! 0+! ,(7*5-/+! 0$)! )-$)/&5-/+! 60Z-! '--$! ;+-)! 0+!

Z-6&.7-+! <(/! 7(H! 5(7-.;70/! H-&G6%! 5(7-.;7-+! &$! (/)-/! %(! )&++(7Z-2! +%0'&7&F-! 0$)!

%0/G-%!%6-5`!Q$!0))&%&($!%(!%6-&/!0,,7&.0%&($!&$!%6-!)-+&G$!(<!$0$(3)-7&Z-/*!+*+%-5+2!

05,6&,6&7&.!5(7-.;7-+!0/-!+6(H$!%(!60Z-!'&(7(G&.07!-<<-.%+!%6-5+-7Z-+`"[B!!

P6-! <(/50%&($! (<! Z-+&.7-+! &+! 0! %H(3+%-,! ,/(.-++! &$! H6&.6! %6-! 05,6&,6&7-!

5(7-.;7-!<&/+%!<(/5+!0!'&370*-/!0$)!%6-$!.7(+-+!%(!<(/5!0!Z-+&.7-`!P6-!+60,-!(<!+-7<3

0++-5'7-! 05,6&,6&7&.! +%/;.%;/-+! &+! )-%-/5&$-)! '*! %6-! +&F-! (<! %6-! 6*)/(,6('&.!

5(&-%*!/-70%&Z-!%(!%6-!6*)/(,6&7&.!,0/%2!0$)!%6-!.;/Z0%;/-!&+!/-70%-)!%(!%6-!,0.?&$G!

,0/05-%-/`"[[!P6-!,0.?&$G!,0/05-%-/!4,8!/-70%-+! &$!0!)&/-.%!50$$-/!%6-!+%/;.%;/-!

(<!%6-!5(7-.;7-!H&%6!&%+!,0.?&$G!<(/5`"[i!D($./-%-7*2!%6-!,0.?&$G!,0/05-%-/!4,8!&+!

)&/-.%7*! ,/(,(/%&($07! %(! %6-! Z(7;5-! (<! %6-! 6*)/(,6('&.! ,0/%! 4�82! 0$)! &$Z-/+-7*!

,/(,(/%&($07! %(! %6-!,/();.%!(<! %6-! %/0$+Z-/+07! +;/<0.-!(<! %6-!6*)/(,6&7&.!,0/%! 408!

,-/!%6-!5(7-.;7-!7-$G%6!478!(O&G;/-!!gM). 
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 For p<1/3, the molecules adopt a conic form and organize themselves in spherical 

micelles. When 1/3$p$1/2, the molecules adopt a truncated cone form and arrange 

themselves in a cylindrical micelle. For 1/2$p<1, the molecules also adopt a truncated 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"G;
!+\!J$E$!1+^+(29/!@$!A+-.+)29+!+(4!&$!NC,,'."!?NE(!Y:C;!Y,0.E(!D,E("!(''C/!==/!"G"H"W;!_!^\!0$!S+8-.'/!0$!

0+3)82(/!M$!A7.-/!%+&:1(!D,-("!(''*/!A7/!";=>H";>?!_!3\!X$5$!K244"!N$!A+,787^.+L+(C+(/!N$0$!R'*L+(/!

?NE(!Y:C;!Y,0.E(!D,E("!!""#/!HA/!">>H<<I$!
"GG
!O$K$!MP4'"!2(!%+)-(!3%&:.-6"!!""'/!=7/!X?<V>$!

"GW
!0$!R$! f8.+',+3B9C,C"!&$0$!NC-3B',!+(4!A$5$!RCLB+L/! 2(!<+,1(!$/@(!Z&:&N&)!4:&*-(!4(A"!!"%)"!8A/!"G<GH

"GW=$!
"G?

!O$N$! M'.(+(4'[! JC(8+/! QB&! 4C8'.-+-C2(i! R7'928! L+-'.C+,'8! a7(3C2(+,'8! ^+8+428! '(! 4'(4.oL'.28!

3.C8-+,'8!,on7C428!o2(C328/!g(C9'.8C4+4!4'!S+.+:2[+/!('!'$!

!
163 Capítulo 3. Antecedentes-Conceptos generales!

3.1. Antecedentes-Conceptos generales       

Como se ha indicado en los capítulos anteriores, la microsegregación entre partes 

incompatibles es un proceso fundamental para generar propiedades de cristal líquido en 

las moléculas, especialmente cuando en ellas no existe una unidad de naturaleza 

mesógena. 

Cuando esta segregación se produce entre unidades de naturaleza anfipática, esto es, una 

parte hidrófila y otra hidrófoba, en una misma molécula, se puede promover otro tipo de 

organización supramolecular distinta a la organización en el estado cristal líquido, como 

es la formación de nanoobjetos en un disolvente adecuado, generalmente agua. 

 

3.1.1. Parámetro de empaquetamiento y organización supramolecular 

El tipo de nanoobjeto que forman estas moléculas anfífilas viene determinado por 

factores termodinámicos y está íntimamente relacionado con su estructura. Así, la parte 

hidrófoba se dispone de tal manera que se minimice lo máximo posible su contacto con 

agua, lo que se conoce como efecto hidrófobo.
1
 

Para sistemas anfífilos convencionales se ha establecido un parámetro, conocido como 

parámetro de empaquetamiento (p) que relaciona de modo directo la estructura de la 

molécula con su forma de empaquetamiento.
2
 En concreto, el parámetro de 

empaquetamiento (p) es directamente proporcional al volumen que ocupa la unidad 

!"#$%&'()*+,-.*/*"01/$2)3/04/*5$'5'$6"'0)7*al producto d/7*8$/)*94$)021/$2)7:*#/*7)*5)rte 

hidrófila (a) por la longitud de la molécula (l) (ver figura 3.1).  

!

!

!
!

!

! "

"#

 
F igura 3.1. Parámetro de empaquetamiento e identificación de los factores que lo determinan en la 

estructura molecular. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1
 C. Tanford, Science 1978, 200, 1012-1018. 

2
 J. N. Israelachvili, D. J. Mitchell, B. W. Ninham, J. Chem. Soc. Faraday Trans. T.2 1976, 72, 1525-

1568.!
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cone arrangement but with dimensions similar to a cylinder, they assemble in a flexible 

bilayer that can curve and generate a vesicle. When p % 1, the molecules adopt a 

cylindrical shape and the bilayer formed by supramolecular organization is plane, 

avoiding the formation of vesicles. When p>1, the molecules adopt an inverted 

truncated cone shape and arrange themselves in inverted micelles, with the hydrophobic 

part in contact with the external environment
158

 (O&G;/-!!gB). 
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9LM3NB##\TO#$B,6=LIPFHL)#(B=aBBP#6P#6E)HL)HL,L>#EI,B>3,B#F=N3>=3NB#6PJ#L=F#F3)N6EI,B>3,6N#

INM6PLV6=LIP#LP#S3P>=LIP#IS#=HB#)6>DLPM#)6N6EB=BNR#!J6)=BJ#SNIE#/R#?BNPmPJBVRAK0#

!

@,6-/&.07!(/!.*7&$)/&.07!5&.-77-+2!Z-+&.7-+!0$)!'&70*-/+!0/-!%6-!5(+%!.(55($!

$0$(3('^-.%+!<(/5-)!H&%6!05,6&,6&7&.!5(7-.;7-+!&$!H0%-/`!"[j!!R(7*5-/!Z-+&.7-+!.0$!

-K6&'&%!+60,-+!%60%!0/-!;$?$(H$!<(/!7&,(+(5-+!Z-+&.7-+e!+%0'7-!6&G6!G-$;+!Z-+&.7-+!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"G=
!+\!Q$X$!MC'L'([/!#$!#+b+:2U+,+(/!%:.*@.T0,-!/J!@/00/.N!&*N!-C:J&@,-!@+,1.-':)(!O,K!b/:5^!B&:@,0(!

Y,55,:"!L*@(!!""%!_!^\!0$!R$!f8.+',+3B9C,C/!L*',:1/0,@C0&:!&*N!$C:J&@,!Z/:@,-"!A*N(!MN(!?@&NN,1.@!%:,--!Q'N("!

Q/*N/*"!!""!$!_!3\!N$!J(-2(C'--C!+(4!O$!DF8-'."!?NE(!B&',:$/!(''C/!"G/!"I<IH"III$!_!4\!O$!t':2-+/!u$!K'v+)/!

?NE(!</00(!L*',:J(!$@.("!('')/!7A7/!G"H?G$!
"G>
!+\!A$6$O$!N7C/!M$%$!&F^'.'C('./!K$&$!N+44'(/!Q$#$!X7,,C8"!G./T+)-(!2("!!""&/!PI/!>IVH>;"_!^\!K$!OBCLC[7/!

N$!N+874+/!M$!NC(+LC)+*+"!<+,1(!D,E("!(''&/!7>=/!";V"H";;I$!
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4-`G`!)(;G6$;%37&?-!Z-+&.7-+8`"iC!9-+&)-+2!(%6-/! %*,-+!(<!+;,/05(7-.;70/!+%/;.%;/-+!

.0$! '-! <(;$)! 7&?-! $0$(3+,6-/-+! 0$)! $0$(3.0,+;7-+`"i"!I0$(3.0,+;7-+! 0/-! <(/5-)!

H6-$!0!%6&/)!6*)/(,6('&.!.(5,($-$%2!7&?-!(&72!&+!0))-)`!Q$!%6&+!.0+-n!%6-!5(7-.;7-+!

<(/5!0!5($(370*-/!%60%!-$Z-7(,!%6-!6*)/(,6('&.!.(5,($-$%`!P6-!50&$!)&<<-/-$.-!

'-%H--$!$0$(3+,6-/-+! 0$)! Z-+&.7-+! &+! %60%! %6-! &$$-/! ,0/%! (<! $0$(3+,6-/-+! &+! $(%!

-5,%*e!&%!&+!<;77!(<!%6-!5(7-.;7-+!%6-5+-7Z-+!4O&G;/-!!g[8`!
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=HB# HQJNI)HL,L># )6N=`# LP# NBJ# =HB# HQJNI)HI(L># )6N=R# <P# >,B6N# (,3B# LP# NB)NBFBP=BJ# =HB#a6=BN#

LPFLJB#IS#=HB#UBFL>,BR#<P#QB,,Ia#LF#NB)NBFBP=BJ#=HB#IL,#LPFLJB#=HB#P6PI%>6)F3,BR#!J6)=BJ#SNIE#

/R#?BNPmPJBVRAK0#
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#! G/-0%! $;5'-/! (<! +%;)&-+! 60Z-! '--$! ,;'7&+6-)! 0'(;%! %6-! &$<7;-$.-! (<!

<0.%(/+! 7&?-! %-5,-/0%;/-2 "i1 !0))&%&($! (<! 0$(%6-/! +(7Z-$%2 "iM !.60$G-! (<! +07%!

.($.-$%/0%&($!(/!,S2"iB!&$<7;-$.-!(<! 7&G6%2"i[!($! %6-! <(/50%&($!(/! %6-!5()&<&.0%&($!

(<!$0$(3('^-.%+`!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"WV
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"W"
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"W;
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97(.?!.(,(7*5-/+!60Z-!'--$!($-!(<!%6-!5(+%!+%;)&-)!+*+%-5+!'-.0;+-!(<!%6-!

,(++&'&7&%*!(<!.($%/(77&$G! %6-!+%/;.%;/-+!(<! %6-!6*)/(,6('&.!0$)!6*)/(,6&7&.!,0/%+!

);/&$G! %6-&/! +*$%6-+&+`! A-+&.7-+! 0/-! ,/(5&+&$G! +*+%-5! <(/! %6-! -$.0,+;70%&($! 0$)!

)-7&Z-/*!(<!6*)/(,6('&.!(/!6*)/(,6&7&.!5(7-.;7-+`!S*)/(,6('&.!.(5,(;$)+!.0$!'-!

+(7;'&7&F-)!&$%(!%6-!Z-+&.7-!'&70*-/!'*!+%&//&$G!%(G-%6-/!H&%6!%6-!Z-+&.7-!+(7;%&($!(/!

'*! )&++(7Z&$G! %6-! Z-+&.7-! <(/5&$G! ,(7*5-/! 0$)! %6-! .(5,(;$)! &$! 0$! (/G0$&.! .(3

+(7Z-$%! H&%6! +;'+-E;-$%! %/0$+<-/! %(! H0%-/`! S*)/(,6&7&.! 5(7-.;7-+! .0$! '-!

-$.0,+;70%-)! '*! )&++(7Z&$G! %6-! '7(.?! .(,(7*5-/! &$! %6-! 0E;-(;+! )/;G! +(7;%&($`! #!

.($%&$;(;+! 7(++! (<! -$.0,+;70%-)! +;'+%0$.-! (..;/+! Z&0! ,-/5-0%&($! %6/(;G6! %6-!

Z-+&.7-! '&70*-/`! P6-! 70/G-/! %6&.?$-++! (<! ,(7*5-/!'&70*-/+! 4[31C!$58! .(5,0/-)! %(!

7&,&)!'&70*-/!4M3[!$58!&$);.-+!0!5;.6!+7(H-/!,-/5-0%&($!(<!5(7-.;7-+`"ii!!
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#5,6&,6&7&.!)-$)/&5-/+!&+!0!<05&7*!(<!)-$)/&5-/+!.(5,/&+&$Ge!05,6&,6&7&.!

70*-/-)! )-$)/&5-/+2! 05,6&,6&7&.! +-G5-$%-)! )-$)/&5-/+2! 07+(! .077-)! s0$;+!

)-$)/&5-/+! H6-$! %6-! )-$)/&5-/! 60+! %H(! +-G5-$%+2! 0$)! 05,6&,6&7&.! )-$)/&%&.!

6(5(,(7*5-/+`! #5,6&,6&7&.! 7&$-0/! )-$)/&%&.! 6*'/&)+! 0/-! %6-! 50^(/! .70++! (<!
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9LM3NB# # \XO# /=N3>=3NBF# IS# 6E)HL)HL,L># JBPJNLEBNF# 6PJ# 6E)HL)HL,L># ,LPB6N# JBPJNL=L>#
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'&(+-$+(/+2!0$)!.0%07*%&.!$0$(/-0.%(/+`"ij!
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!
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I?GW!_!^\!M$#$!fB.'/!c$6$Q$!&'!0'878/!D$X$!O[2)+/!0$N$0$!D.Y3B'-"!G./@/*[C;&',!<+'L$/!(''(/!7H/!;IIH;G<$!
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.*%(%(K&.&%*2! H&%6! 0$! QD[C! Z07;-! (<! 1! 5Go5V`! P6-! .(5,(;$)! )&)! $(%! ,/-+-$%!

6-5(7*%&.!0.%&Z&%*!0%!%6-+-!.($.-$%/0%&($+`"LB!!
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P6-! G/(H%6! &$6&'&%&($! 4=Q8! (<! %6-! "#$%&'()*&! ,0/0+&%-! 0%! /&$G! +%0G-!

G-$-/0%-)!'*!%6-!.(5,(;$)!H0+!-Z07;0%-)`!P6-!=Q!H0+!.07.;70%-)!'*!%6-!)&<<-/-$.-!

'-%H--$! %6-! $;5'-/! (<! ,0/0+&%-3&$<-.%-)! /-)! '7(()! .-77+! 4,X9D+8! &$! %6-! .($%/(72!

0$)!%6-!$;5'-/!(<!&$<-.%-)!X9D+!0<%-/!Bg6!(<!&$.;'0%&($!H&%6!%6-!)-/&Z0%&Z-`!P6-!

$;5'-/! (<! ,X9D+! H0+! )-%-/5&$-)! '*! <7;(/-+.-$.-30++&+%-)! .-77! +(/%&$G! 4O#D@8!

0$07*+&+!4O&G;/-!!gj8`!
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0+,-.%+!(<!%6-!H(/?!H&77!'-!)-Z-7(,-)e!
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183!N$.0,+;70%&($!(<!6*)/(,6&7&.!0$%&5070/&07!)/;G+!&$+&)-!%6-!$0$(3.0//&-/+2!

M83!D60/0.%-/&F0%&($!(<!%6-!.(5,7-K-+!('%0&$-)2!

B834 5,4 6)3-'4 +%;)*! (<! %6-&/! 0.%&Z&%*! 0G0&$+%! %6-! "#$%&'()*&! ,0/0+&%-2! .*%(%(K&.&%*!

%-+%+!0$)!&$%-/$07&F0%&($!0++0*+`!!

!

P6&+!H(/?!60+!'--$!/-07&F-)!&$!.(770'(/0%&($!H&%6!%6-!I0$(>070/&0!G/(;,!(<!

t0Z&-/! O-/$_$)-F! 9;+E;-%+! 0%! %6-! DXN@Q9! 490/.-7($08`! :-$)/&5-/+! 60Z-! '--$!

+*$%6-+&F-)! 0$)! .60/0.%-/&F-)! 0%! %6-! QI#! 4�0/0G(F08`! P6-! '&(7(G&.07! +%;)&-+! (<!

)-$)/&5-/+! &$! %-/5+! (<! ;$+,-.&<&.! %(K&.&%*2! 0$%&5070/&07! 0.%&Z&%*! 0$)! &$%-/0.%&($!

H&%6!,X9D+!H-/-!,-/<(/5-)!'*! s;7&-!>(Z-770$!0$)!R0%/&.&0!U/'_$! &$! %6-!DXN@Q9!

70'(/0%(/&-+`!

!

!

!
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1"j!

!"#$%&'(&)'#*&+,"#$#!!

!"#$%&+

l$! %6-! '0+&+! (<! %6-! 0$%-.-)-$%+! H&%6! %6-! .(5,(;$)! c@-%!"#&'!d0! <(;/!

,/();.%+!H-/-!)-+&G$-)!0+!Z-.%(/+!(<!0$%&5070/&07!)/;G+!.(5'&$&$G!%6-!%(K&.&%*!(<!

%6-!)-$)/($!&%+-7<!0$)!%6-!7&'-/0%&($!(<!%6-!)/;G`!P6-!.(5,(;$)+!H-/-!)-+&G$-)!%(!

.($%0&$! 0!)I,6N! 0$)! 0$!6)I,6N! ,0/%! %60%! +6(;7)! 077(H! %6-5! %(! +-7<3(/G0$&F-! &$%(!

$0$(3('^-.%+!0'7-!%(!-$.0,+;70%-!+5077!5(7-.;7-+`!!

PH(! ,/();.%+!H-/-! <(/5-)! </(5! c@-%!"#&'!d! )-$)/($e!!! 0$)!"! 4O&G;/-!!

jC8`! P6-*! '(%6! .($%0&$! 0! ,(70/! ,0/%! <(/5-)! '*! 0!1)%3>R#! )-$)/($! (<! +-.($)! (/!

%6&/)!G-$-/0%&($!<;$.%&($07&F-)!'*!05&$-!G/(;,+2!0$)!0$!0,(70/!,0/%! <(/5-)!'*!0!

1)%3>R#!)-$)/($!(<!+-.($)!G-$-/0%&($!<;$.%&($07&F-)!H&%6!0,(70/!.60&$+!4D"LSM[n!

</(5! +%-0/&.! 0.&)8`! ! Q$! %6&+! .0+-! '(%6! )-$)/($+!H-/-! +*$%6-%&F-)! +-,0/0%-7*! 0$)!

%6-$!.(;,7-)!'*!.(,,-/3.0%07*F-)!0F&)-307?*$-!.*.7(0))&%&($!4D;##D8`!!

!

!

9LM3NB##]ZO#&I,B>3,6N#F=N3>=3NBF#IS#>IE)I3PJF#!#^,BS=_#6PJ#"#^NLMH=_R#

!

#+!0$!07%-/$0%&Z-! %(! %6-!,/-Z&(;+7*!,/-+-$%-)!)-$)/&5-/+2!0!+-.($)! <05&7*!

(<! .(5,(;$)+! H0+! +-7-.%-)`! R7;/($&.+k2! 07+(! ?$(H$! 0+! ,(7(K05-/2! 0/-! %/&'7(.?!

#9#3%*,-!.(,(7*5-/+!.(5,(+-)!(<!0!.-$%/07!6*)/(,6('&.!'7(.?!(<!,(7*4,/(,*7-$-!

(K&)-8!4RRl8!0$)!%H(!6*)/(,6&7&.!.60&$+!(<!,(7*4-%6*7-$-!(K&)-8!4RNl8`!Q%!60+!'--$!

+6(H$! %60%! ,7;/($&.k! &$./-0+-+! .-77;70/! &$%-/$07&F0%&($"L[!0$)! <(/5+! 5&.-77-+`"Li!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"?G

!%$! Q'L^272(:/! R$! N2.',,'-/! K$! 1.+,/! N$! M2a/! &$! O3B'.L+(/! N$HD$! A7.'+7/! R$! NC:('-/! 2(! </*':/0(!

D,0,&-,"!('!!/!7=7/!G?HW;$!
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R/-Z&(;+!H(/?!H&%6!R7;/($&.k!H&%6(;%!5()&<&.0%&($+!60+!'--$!/-07&F-)!/-.-$%7*!'*!

@`s`!@;/0$0!0$)!.(3H(/?-/+`"LL!P6-*!-K,7(/-)!%6-!<(/5;70%&($!0$)!-Z07;0%&($!(<! ),4

%)3*!G-7!<(/!%6-!$0+07!)-7&Z-/*!(<!#/%-5-%6-/!40$!6*)/(,6('&.!0$%&5070/&07!)/;G8!'*!

0! %-5,-/0%;/-! &$);.-)!G-70%&($! %-.6$&E;-!;+&$G!R7;/($&.k!H&%6!0!5;.(30)6-+&Z-!

,(7*5-/!(<!6*)/(K*,/(,*75-%6*7!.-77;7(+-!4SR>D8!&$!)&<<-/-$%!/0%&(+`!

!

PH(!,/();.%+!.(5,(+-)!'*!R7;/($&.k!O"1L!5()&<&-)!'*!1)%3>R#!)-$)/($+!

H-/-!+*$%6-+&F-)e!*!0$)!+!4O&G;/-!!j"8`!Q$!%6-!.0+-!(<!%6-!.(5,(;$)!*2!R7;/($&.k!

H0+! <;$.%&($07&F-)!H&%6! 0! <&/+%! G-$-/0%&($! (<! 05&$0%-)31)%3>R#! )-$)/($2! 0$)! &$!

%6-!.0+-!(<!%6-!.(5,(;$)!+!'*!%6-!c@-%!"#&'!d!)-$)/($`!

!

!

!

9LM3NB##]AO#&I,B>3,6N#F=N3>=3NB#IS#)I,QEBNF#*#6PJ#+#

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"?W
!@$O$!6''/!T$K$!cB/!T$O$!T27(/!N$!R+L/!A$!Q+.)/!0$!T7(/!0$M$!1CL/!M$HK$!O2(:/!1$K$!cB"!</00/.N!$C:J(!G"!('!!/!

RA/!">VH">G$ 
"??
!M$O$!N+B+b+(/!O$1$!OB+B/!O$0$!O7.+(+/!2(!L*@0C-./*!%+,*/1(!B&@:/@)@0.@!<+,1("!('!!"!8>/!;>HG=$!
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P6-!6*)/(,6('&.!.($%-$%!(<!%6-+-!5(7-.;7-+!H0+!.07.;70%-)!0+!<(77(H&$Ge!!

H,% \% KE]% 425'.&4.!",% &)'-% ^% E]%F.*+,0*+M% L% 8??24 Q%! Z0/&-+! </(5! 1B! u! <(/!

,/();.%!+!%(!BB!u!<(/!,/();.%!!!4P0'7-!"18`!!

!

#

+

!"#$%&'(')*+)$%&),*-.*/#0')12)32)4)5#0)6+

@2%&."/$/('#()(,%0(T(

P6-!+*$%6-+&+!(<! %6-!,/();.%+!!! 0$)!"!'-G;$!H&%6! %6-!,/-,0/0%&($!(<! %H(!

1)%3>R#! )-$)/($+! '*! @%-G7&.6! -+%-/&<&.0%&($2! '(%6! (<! %6-5! <;$.%&($07&F-)! '*! 0$!

0F&)-! G/(;,! (/! 0$! 07?*$-! &$! (/)-/! %(! '-! .(;,7-)! '*! D;##D`! P6-! )-$)/($+!H-/-!

+*$%6-+&F-)!</(5!%6-!.(55-/.&07!1)%3>R#!5($(5-/!0+!)-+./&'-)!&$!%6-!D60,%-/!"`!

l$-!(<!%6-!)-$)/($!H0+!<;$.%&($07&F-)!'*!+%-0/&.!0.&)!%(!<(/5!%6-!0,(70/!,0/%!0$)!

%6-!(%6-/!'*!,/(%-.%-)3G7*.&$-!%(!<(/5!%6-!,(70/!,0/%!(<!%6-!5(7-.;7-`!Q$!%6-!O&G;/-!!

j1!%6-!+*$%6-%&.!+.6-5-!&+!/-,/-+-$%-)!<(/!%6-!.(5,(;$)!"`!

;6(,B#A5O#?QJNI)HI(L>#>IP=BP=#IS#JBNLU6=LUBF#!`#"`#*#6PJ#+#

'NIJ3>=# !)I,6N#)6N=# 'I,6N#)6N=# ?>!

!# #,(70/!)-$)/($!1=! R(70/!)-$)/($!=1! BB!

"# #,(70/!)-$)/($!1=! R(70/!)-$)/($!=M! MM!

*# RRl!,7;/($&.!
RNl!,7;/($&.!~!

,(70/!)-$)/($!="!
1j!

+# RRl!,7;/($&.!
RNl!,7;/($&.!~!

,(70/!)-$)/($!=M!
1B!
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9LM3NB##]5O#/QP=HB=L>#F>HBEB#SIN#=HB#)NIJ3>=#"R#
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B-3a B-3b

B-2b

B-1b

bis-MPA

1a)

2a)

3a)

4)

2b)

3b)

1a) 2,2-dimethoxypropane, p-TsOH, Acetone (81%); 6-azidohexan-1-ol, DCC, DPTS, CH2Cl2 (66%); DOWEX H+, MeOH (99%).

1b) Propargyl alcohol, DCC, DPTS, CH2Cl2 (77%); DOWEX H+, MeOH (98%).

2) Isopropylidene bis-MPA, DCC, DPTS, CH2Cl2; DOWEX H+, MeOH; (2a: 13%; 2b: 74%).

3a) GlyBoc, DCC, DPTS, CH2Cl2 (78%).

3b) Stearic acid, DMAP, CH2Cl2 (67%).

4) CuSO4 5H2O, sodium ascorbate, DMF (49%); MeOH/HCl (Quant.).

1b)

49%

67%78%

13% 74%

53% 75%
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!

#+!0! <&/+%!+%-,2! %6-!1)%3>R#!.0/'(K*7&.!0.&)!H0+! <;$.%&($07&F-)!'*!0$!0F&)-!

4A68!(/!'*!0!%/&,7-!'($)!4A(8`!Q$!(/)-/!%(!)(!+(2!%6-!6*)/(K*7!G/(;,+!(<!%6-!1)%3>R#!

5($(5-/! H-/-! ,/(%-.%-)! '*! %6-! <(/50%&($! (<! 0$! 0.-%07! H&%6! 1213

)&5-%6(K*,/(,0$-! &$! ,/-+-$.-! (<! .3%(7;-$-+;7<($&.! 0.&)! &$! 0.-%($-`! P6-$2! %6-!

-+%-/&<&.0%&($!(<!%6-!.0/'(K*7&.!0.&)!H&%6!i30F&)(6-K0$3"3(7!4A62![Mu8!(/!,/(,0/G*7!

07.(6(7! 4A(2! L[u8! &$! ,/-+-$.-! (<! :DD! 0$)! :RP@! &$! )&.67(/(5-%60$-! G0Z-! %6-!

<;$.%&($07&F-)! ,/();.%+`! P6-! ./;)-+! H-/-! ,;/&<&-)! '*! <&7%/0%&($! %(! -7&5&$0%-! %6-!

:DU! <(/5-)! 0$)! '*! .(7;5$! .6/(50%(G/0,6*! <(/! %6-! /-5(Z07! (<! %6-! 07.(6(7+!

-K.-++`! P6-! 6*)/(K*7! G/(;,+! (<! %6-! )-$)/($+! H-/-! )-,/(%-.%-)! &$! 0.&)!

-$Z&/($5-$%!;+&$G!0!:lYNt!S~!/-+&$!&$!5-%60$(7`!!

P6-! G-$-/0%&($! G/(H%6! H0+! ('%0&$-)! '*! -+%-/&<&.0%&($! (<! %6-! 6*)/(K*7!

G/(;,+! H&%6! %6-! ,/(%-.%-)! 1)%3>R#! 5($(5-/! &$! ,/-+-$.-! (<! :DD! 0$)! :RP@! &$!

)&.67(/(5-%60$-! 456`# 5(8`! #<%-/! -0.6! -+%-/&<&.0%&($2! %6-! ./;)-+!H-/-! ,;/&<&-)! '*!

.(7;5$! .6/(50%(G/0,6*! 0$)! %6-! 6*)/(K*7! G/(;,+! (<! %6-! )-$)/($+! H-/-!

)-,/(%-.%-)!&$!0.&)!-$Z&/($5-$%`!!

P6-!$-K%!+%-,!.($+&+%+!&$!%6-!<;$.%&($07&F0%&($!(<!%6-!)-$)/($+!+;/<0.-`!P6-!

0F&)(35()&<&-)! )-$)/($! 4"%562! "Mu8!H0+! <;$.%&($07&F-)! '*! ,/(%-.%-)! G7*.&$-! &$!

(/)-/!%(!('%0&$!0$!05&$0%-)!)-/&Z0%&Z-!"%-6!4+--!D60,%-/!"8`!P6-!07?*$-35()&<&-)!

)-$)/($! 4"%5(2! LBu8! H0+! <;$.%&($07&F-)! '*! +%-0/&.! 0.&)! &$! (/)-/! %(! <(/5! %6-!

0,(70/! ,0/%! (<! %6-! )-$)/($`! P6-! /-0.%&($! (<! -+%-/&<&.0%&($! H0+! .0//&-)! (;%! &$!

)&.67(/(5-%60$-! &$! ,/-+-$.-! (<! :>#R! 0+! 0.*70%&($! .0%07*+%! 0$)!H0+! ,;/&<&-)! '*!

<&7%/0%&($! 4/-5(Z07! (<! :DU8! 0$)! ,/-.&,&%0%&($! &$! .(7)! 0.-%($-! 4-7&5&$0%&($! (<! %6-!

-K.-++!(<!+%-0/&.!0.&)8!%(!G&Z-!%6-!,;/-!,/();.%!4"%-(8!&$!0!iLu!*&-7)`!

P6-!70+%!+%-,!(<!%6-!+*$%6-+&+!4T2!Bju8!.($+&+%+!&$!%6-!.(,,-/3.0%07*F-)!"2M3

)&,(70/.*.7(0))&%&($!'-%H--$! %6-! 0F&)(3)-$)/($! 4"%-68! 0$)! %6-! 07?*$(3)-$)/($!

4"%-(8`!P6-!.(,,-/!4Q8!.0%07*+%!H0+!G-$-/0%-)!),4%)3*!'*!%6-!/-);.%&($!(<!%6-!.(,,-/!

4QQ8! +07%! 4D;@lB2! [S1l8! H&%6! +()&;5! 0+.(/'0%-! &$! )&5-%6*7<(/505&)-`! P6-$2! %6-!

)-$)/($+!H-/-!0))-)!0$)!%6-!/-0.%&($!5&K%;/-!H0+!+%&//-)!);/&$G!%H(!)0*+`!P6-!

./;)-!,/();.%!H0+!,;/&<&-)!'*!,/-.&,&%0%&($!&$!0.-%($-`!O&$077*2!%6-!05&$-!G/(;,+!

H-/-!)-,/(%-.%-)! &$!0.&)!-$Z&/($5-$%! %(!G&Z-! %6-! <&$07!,/();.%! &$!0!E;0$%&%0%&Z-!

*&-7)`!
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P6-! ,/();.%+! !! 0$)! "! H-/-! ('%0&$-)! &$! =I=6,# QLB,JF# (<! AXg# 0$)# -g!

/-+,-.%&Z-7*2!</(5!%6-!1)%3>R#!5($(5-/`!P6-!<&$07!.(5,(;$)+!H-/-!.60/0.%-/&F-)!

'*! "S3I>X2! "MD3I>X2! QX2! 50++! +,-.%/(+.(,*! 0$)! -7-5-$%07! 0$07*+&+! 4+--!

-K,-/&5-$%07!,0/%8`!!

P6-!"S3I>X!+,-.%/;5!(<!%6-!.(5,(;$)!!# &+!/-,/-+-$%-)!&$!%6-#O&G;/-!!jM`!

P6-! +&$G7-%! ,-0?! 0%! L`iL! ,,5! &$%-G/0%&$G! <(/! ($-! ,/(%($! 4?,8! .($<&/5-)! %6-!

<(/50%&($! (<! %6-! %/&0F&)-! .*.7-! /-+;7%&$G! </(5! %6-! D;##D! /-0.%&($`! 9-%H--$!B`"C!

,,5!0$)!B`[[!,,5!0/-!+&%;0%-)!%6-!,-0?+!.(//-+,($)&$G!%(!%6-!D?1!(<!%6-!1)%3>R#!

)-$)/($+!4"1!DS12!?(`(e`#?J`Je`#?I`Ie`#?p`pe82!H&%6!%6-!3D?53IS1!4B!DS12#?68!0$)!

%6-!3D?53l3!?S`!#%![`1B!,,5!&+!7(.0%-)!%6-!,-0?!);-!%(!%6-!DS1!&$!#!(<!%6-!%/&0F&)-!

.*.7-!?D`!P6-!,-0?+!.(//-+,($)&$G!%(!%6-!5-%6*7!G/(;,+!(<!%6-!1)%3>R#!0,,-0/!0%!

0,,/(K`!"`1!,,5!4?>`#?B`#?P`#?p8!H&%6!%6-!,-0?!);-!%(!%6-!3D?53!G/(;,+!</(5!%6-!

0,(70/!.60&$+!?F`!P6-!,-0?!.(//-+,($)&$G!%(!%6-!3D?5%#G/(;,+!&$!#!(<!%6-!D|l2!?N2!

&+!+&%;0%-)!0%!1`1g!,,5`!!

!

!

9LM3NB##]-O#A?%:&$#F)B>=N3E#IS#=HB#>IE)I3PJ#!R#-ZZ#&?V`#*+*,-`#FHLS=#LP#))ER##

!

!
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@2%&."/$/('#(U(,%0(!(

P6-! ,/();.%! *# H0+! ('%0&$-)! &$! M! ,/&$.&,07! +%-,+e! +*$%6-+&+! (<! 1)%3>R#!

0$6*)/&)-!4*A%*582!/-0.%&($!H&%6!R7;/($&.k!4*-%*T8!0$)2!<&$077*2!<;$.%&($07&F0%&($!

'*!G7*.&$-!4*K%*84O&G;/-!!jB8`!!
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Interfacial polycondensation

Polymeric nanoparticles can be also prepared by the
interfacial polycondensation of the lipophilic monomer, such
as phtaloyldichloride and the hydrophilic monomer, diethy-
lenetriamine, in the presence and absence of the surfactant
[48]. These nanoparticles were smaller than 500 nm. A
modified interfacial polycondensation method was also
developed. In this case, polyurethane polymer and poly
(ether urethane) copolymers were chosen and successfully
applied as drug carriers for a-tocopherol [49]. Polyurethane-
and poly(ether urethane)–based nanocapsules were synthe-
sized by interfacial reaction between two monomers.

Nanoparticles obtained from preformed polymers

With the exception of alkylcyanoacrylates and poly
(dialkylmethylidene malonate), most of the monomers
suitable for a micellar polymerization process in an
aqueous phase lead to slowly biodegradable or nonbiode-
gradable polymers. In addition, residual molecules in the
polymerization medium (monomer, oligomer, surfactant,
etc.) can be more or less toxic, requiring meticulous puri-
fication of the colloidal material. To avoid these limitations,
methods using preformed polymers instead of monomers
have been proposed.

Synthetic preformed polymers

Emulsification/solvent evaporation
Emulsification-solvent evaporation involves two steps.

The first step requires emulsification of the polymer solution
into an aqueous phase (see Figure 1). During the second step
polymer solvent is evaporated, inducing polymer precipita-
tion as nanospheres.

A polymer organic solution containing the dissolved
drug is dispersed into nanodroplets, using a dispersing
agent and high-energy homogenization [50], in a non-
solvent or suspension medium such as chloroform (ICH,
class 2) or ethyl acetate (ICH, class 3). The polymer
precipitates in the form of nanospheres in which the drug is
finely dispersed in the polymer matrix network. The solvent
is subsequently evaporated by increasing the temperature
under pressure or by continuous stirring [6]. The size can

be controlled by adjusting the stir rate, type and amount of
dispersing agent, viscosity of organic and aqueous phases,
and temperature [50]. Even though different types of
emulsions may be used, oil/water emulsions are of interest
because they use water as the nonsolvent; this simplifies
and thus improves process economics, because it eliminates
the need for recycling, facilitating the washing step and
minimizing agglomeration [51]. However, this method can
only be applied to liposoluble drugs, and limitations are
imposed by the scale-up of the high energy requirements in
homogenization [6]. Frequently used polymers are PLA
[52,53], PLGA [54], ethylcellulose (EC) [55], cellulose
acetate phthalate [3], poly(E-caprolactone) (PCL) [56-58],
and poly(h-hydroxybutyrate) (PHB) [59,60]. Drugs or
model drugs encapsulated were albumin [61], texanus
toxoid [62], testosterone [52], loperamide [53,63], prazin-
quantel [64], cyclosporin A [65,66], nucleic acid [67], and
indomethacin [55].

Solvent displacement and interfacial deposition

Solvent displacement and interfacial deposition are
similar methods based on spontaneous emulsification of
the organic internal phase containing the dissolved polymer
into the aqueous external phase (see Figure 2). However,
solvent displacement forms nanospheres or nanocapsules,
whereas interfacial deposition forms only nanocapsules.

Solvent displacement involves the precipitation of a
preformed polymer from an organic solution and the
diffusion of the organic solvent in the aqueous medium in
the presence or absence of a surfactant [68-71]. The polymer,
generally PLA, is dissolved in a water-miscible solvent of
intermediate polarity, leading to the precipitation of nano-
spheres. This phase is injected into a stirred aqueous solution
containing a stabilizer as a surfactant. Polymer deposition on
the interface between the water and the organic solvent,
caused by fast diffusion of the solvent, leads to the
instantaneous formation of a colloidal suspension [72]. To
facilitate the formation of colloidal polymer particles during
the first step of the procedure, phase separation is performed
with a totally miscible solvent that is also a nonsolvent of the

Fig 1. Schematic representation of the emulsification-evaporation technique.

Fig 2. Schematic representation of the solvent displacement technique.

**Surfactant is optional. ***In interfacial deposition method, a fifth

compound was introduced only on preparation of nanocapsules.
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1Lj!

!"#$%&'($)*+",+-,$")*.$($/*$(,0/'1&+

S*)/(,6&7&.!)/;G+!4.67(/(E;&$-!0$)!,/&50E;&$-8!H-/-!)&++(7Z-)!&$!"5V!(<!

H0%-/`! P6-! ,(7*5-/+! #2! 92! D! 0$)! :! H-/-! )&++(7Z-)! &$! 0! +5077! 05(;$%! (<!

)&.67(/(5-%60$-`! P6-! %H(! +(7;%&($+! H-/-! 5&K-)! 0$)! +%&//-)! ;$%&7! %6-! .(5,7-%-!

-Z0,(/0%&($!(<! %6-!)&.67(/(5-%60$-`!P6-!-K.-++!(<!)/;G!H0+!/-5(Z-)!'*!)&07*+&+!

&$!)-&($&F-)!45&7&T8!H0%-/`!#77!%6-!+05,7-+!H-/-!?-,%!0%!B�D!(/!31C�D!;$%&7!<;/%6-/!

0$07*+&+`! P6-! 05(;$%! (<! )/;G! -$.0,+;70%-)! H0+! )-%-/5&$-)! '*! 0$)! &$)&/-.%!

E;0$%&<&.0%&($e!%6-!05(;$%!(<!</--!)/;G!H0+!E;0$%&<&-)!'*!UA!&$!%6-!/-+&);07!H0%-/!

(<!)&07*+&+`!

!

!"#$%&'()%*(+,(-(.(&+*/0&1.,*#$$#2$+

! D;7%;/-+!(<!"24Z$#H).$-*&!+%/0&$+!M:L!0$)!:"C!H-/-!G/(H$!&$!Z&%/(!&$!G/(;,!

9!6;50$!X9@D+!;+&$G!,/-Z&(;+7*!)-+./&'-)!.($)&%&($+`"gB!R0/0+&%-+!H-/-!.;7%;/-)!

0%! ML�D! &$! R-%/&! )&+6-+! .($%0&$&$G! X9D+! &$! XR>Q! .(5,7-%-!5-)&;5! ;$)-/! 0! G0+!

5&K%;/-!(<!j1u!I12![u!Dl12!0$)!Mu!C1`!@*$.6/($&F-)!.;7%;/-+!H-/-!('%0&$-)!'*!

[u!+(/'&%(7! 7*+&+2"g[!0$)!%6-!5-)&;5!H0+!.60$G-)!-Z-/*!1!)0*+!50&$%0&$&$G!M!u!

60-50%(./&%`! O(/! .;7%;/-! 50&$%-$0$.-2! ,0/0+&%-5&0+! H-/-! ?-,%! '-7(H! [u! 70%-!

<(/5+!'*!)&7;%&($!H&%6!H0+6-)!X9D+`!!

! R0/0+&%-5&0!H0+!0)^;+%-)!%(!"`[u!H&%6!5(/-!%60$!jCu!(<!,0/0+&%-+!0%!/&$G!

+%0G-!0<%-/!+(/'&%(7!+*$.6/($&F0%&($`!"BL!�V!(<!%6&+!"#$%&'()*&!.;7%;/-!H0+!,70%-)!

&$! ji3H-77! ,70%-+! 0$)! &$.;'0%-)! Bg6! &$! %6-! ,/-+-$.-! (<! 0$%&5070/&07! )/;G! (/!

$0$(('^-.%+!4M�V!0%!%6-!)-+&/-)!.($.-$%/0%&($8`!P6-!+05-!-K,-/&5-$%!H0+!.0//&-)!

(;%! H&%6! 70%-! <(/5+! (<! ,0/0+&%-+`! R0/0+&%-5&0! H0+! )-%-/5&$-)! '*! 5&./(+.(,&.!

.(;$%&$G! (<! '7(()! +5-0/+`! @5-0/+!H-/-! <&K-)! &$!5-%60$(7! <(/! 0! <-H! +-.($)! 0$)!

%6-$! +%0&$-)! <(/! %-$! 5&$;%-+! H&%6! =&-5+0! 4>-/.?8! )&7;%-)! "e"C! &$! @(/-$+($J+!

9;<<-/2!,S!L`1`!#<%-/!H0+6&$G!H&%6!)&+%&77-)!H0%-/!0$)!)/*&$G2!%6-!/0%&(!(<!&$<-.%-)!

Z-/+;+! $($3&$<-.%-)! X9D+! 4X-)! 97(()! D-77+8! H0+! )-%-/5&$-)! '*! 5&./(+.(,&.!

0$07*+&+`!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"=;
!O$6$!X.+(L'./!X$!N+:2*+(/!0$!6C+(:/!#$6$!X2UU',/!A$N$!X22)'"!4:&*-(!D(!$/@(!4:/T(!B,N(!S);("!!""%"!I7/!

IWIHIWG$!
"=G
!X$!6+L^.28/!0$Q$!E+(4'.^'.:/!2(!%&:&-.'/0("!!"%""!P=/!;"=H;<V$!
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!

1gC!

!"#$#$%&'&#"($)(*+*$-!"#$%&'+

!! S;50$!U5'&7&.07!A-&$!N$)(%6-7&07!D-77+! 4SUAND8!H-/-! .;7%;/-)! &$!:>N>!

4Q$Z&%/(G-$8!+;,,7-5-$%-)!H&%6!"C!u!6-0%3&$0.%&Z0%-)!<(-%07!'(Z&$-!+-/;5!4O9@82!

"!u!,-$&.&77&$o+%/-,%(5*.&$! 0$)! "C5>!G7;%05&$-`! O(/! .*%(%(K&.&%*! 0++0*+2! [CCC!

.-77+oH-77!H-/-!,70%-)!&$!ji3H-77!,70%-+!0$)!0<%-/!1B6!0%!ML�D!&$![u!Dl1!0%5!%6-5!

5-)&;5! H0+! +;'+%&%;%-)! '*! "CC�V! (<! $0$(('^-.%+! .($%0&$&$G! .;7%;/-! 5-)&;5!

H&%6(;%!O9@2!0$)!%6-!,70%-+!H-/-!&$.;'0%-)!<(/!Bg6`!"C�V!(<!B3zM34B3&()(,6-$*783

134B3$&%/(,6-$*7831S3[3%-%/0F(7&({3"2M3'-$F-$-! )&+;7<($0%-! 70'-77&$G! /-0G-$%!

4Y@P3"8!H0+!0))-)!%(!-0.6!H-77!0$)!%6-!,70%-!H0+!&$.;'0%-)!&$!%6-!+05-!.($)&%&($!

<(/! M6`! #<%-/! %6(/(;G67*! 5&K&$G! <(/! "! 5&$! ($! 0! +60?-/2! %6-! 0'+(/'0$.-! (<! %6-!

+05,7-+! H0+! 5-0+;/-)! 0%! BBC! $5! ;+&$G! 0! 9-$.650/?! R7;+! 5&./(,70%-! /-0)-/`!

Y@P3"! &$! %6-! 0'+-$.-! (<! .-77+!H0+! ;+-)! 0+! '70$?! 0$)! +05,7-+!H-/-! ,/-,0/-)! &$!

%/&,7&.0%-!<(/!-0.6!-K,-/&5-$%`!

!

!""#$%&'#%()*+)$+),-**-.*+

O(/! &55;$(<7;(/-+.-$.-!0++0*+2!,X9D+!+5-0/+!H-/-! <&K-)! &$!0$! &.-)3'0%6!

(<!0.-%($-o5-%60$(7!jCe"C!ZeZ`!#<%-/!R9@!H0+6&$G!+%-,+2!%6-!,0/0+&%-!$;.7-&!H-/-!

+%0&$-)! H&%6! :#RQ! 4B2i3)&05&$(313,6-$*7&$)(7-8! 4Q$Z&%/(G-$! D(/,(/0%&($2!

D0/7+'0)2! D#2! U@#8! 0$)! %6-! X9D! 5-5'/0$-! H0+! 70'-77-)! H&%6! #7-K0O7;(/kM[C!

4>(7-.;70/!R/('-+8`!#<%-/! %6-! .(//-+,($)&$G! &$.;'0%&($+! 0$)!R9@!H0+6&$G! +%-,+2!

%6-!+05,7-+!H-/-!5(;$%-)!H&%6!>(H&(7!4D07'&(.6-52!>-/?!D6-5&.07+8! <(77(H&$G!

+%0$)0/)!,/(%(.(7+`!!
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1g[!

P6-!)-$)/&%&.!.(5,(;$)+!'0+-)!($!'&+3>R#!5($(5-/!,/-+-$%!7(H!%(K&.&%*!

),4 6)3-'`! P6-&/! -0+*! <;$.%&($07&F0%&($! 50?-! %6-+-! .(5,(;$)+! 6&G67*! ,(7*Z07-$%!

50%-/&07`!

!

P6-! &($&.! )-$)/&5-/+! ,/-,0/-)! 0/-! G(()! .0$)&)0%-+! %(! <(/5! -7-.%/(+%0%&.!

.(5,7-K-+! H&%6! ,70+5&)! :I#`! P6-! &($&.! )-$)/&5-/! '0+-)! ($! '&+3>R#2! Q'&+>R#2!

.(5'&$-!7(H!.&%(%(K&.&%*!0$)!6&G6!.0,0.&%*!(<!<(/5&$G!.(5,7-K-+!H&%6!,:I#`!

!

D(;,7&$G! %6-! '&+3>R#! )-$)/($+! <;$.%&($07&F-)! H&%6! :lP#! 7&G0$)+! %(!

%0/G-%&$G! 5(7-.;7-+! &+! ,(++&'7-! 50&$%0&$&$G! %6-! 0.%&Z&%*! (<! %6-! .(5,(;$)! 0+!

.($%/0+%!0G-$%+`!P6-!5()&<&.0%&($!(<!0$%&'()&-+!'*!.6-5&.07!/-0.%&($!)&)!$(%!0<<-.%!

%6-&/!+-7-.%&Z&%*!$-&%6-/!%6-&/!'&(7(G&.07!0.%&Z&%*`!

!

PH(! 05,6&,6&7&.! .(5,(;$)+! +*$%6-+&F-)! </(5! ,7;/($&.k! 0$)! '&+3>R#! &$!

H6&.6! 0$%&35070/&07! )/;G+! H-/-! -$.0,+;70%-)2! :4DT8! 0$)! D4RT82! ,-/5&%-)! %(!

&5,/(Z-!%6-!G/(H%6!&$6&'&%&($!(<!%6-!"#$%&'()*&!,0/0+&%-!),46)3-'4.(5,0/&$G!H&%6!

%6-&/!/-+,-.%&Z-!</--!)/;G+`!

!
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!"#$%"&!

N+%0! %-+&+! )(.%(/07! -+%_! (/&-$%0)0! 60.&0! 70! ']+E;-)0! *! -7! -+%;)&(! )-!

)-/&Z0)(+!)-$)/\%&.(+!'&(.(5,0%&'7-+!.($!0,7&.0.&($-+!,(%-$.&07-+!-$!'&(5-)&.&$0!

-$!7(+!.05,(+!)-!70!%-/0,&0!Gb$&.0!4>6)r=3,I#A82!/-+($0$.&0!50G$b%&.0!)-!&50G-$!

4>6)r=3,I#58!*!%/0$+,(/%-!)-!<_/50.(+!4>6)r=3,I#-8`!!!

!

N$! -7! )NLEBN# >6)r=3,I! +-! )-+./&'-! -7! -+%;)&(! )-! 70+! ,/(,&-)0)-+! )-!

5(7b.;70+! )-$)/\%&.0+! )-/&Z0)0+! )-! )-$)/\5-/(+! 1)%3>R#! *! )-! R#>#>! ,0/0! +;!

0,7&.0.&a$! -$! %-/0,&0! Gb$&.0`! D($! -+%-! ('^-%&Z(2! +-! %/0'0^a! .($! )(+! %&,(+! )-!

5(7b.;70+e!)-/&Z0)(+!)-$)/\%&.(+!'0+0)(+!-$!_.&)(!12131)%46&)/(K&5-%&78,/(,&a$&.(!

41)%3>R#8!*!)-$)/&5-/(+!&a$&.(+!'0+0)(+!-$!)-$)/\5-/(+!)-!,(7&05&)0+!4R#>#>8!

*!)-!1)%3>R#`!!

@-! +&$%-%&F0/($! %/-+! )-/&Z0)(+! )-! 1)%3>R#! 4A2! 52! -8! 0+\! .(5(! .;0%/(!

)-$)/&5-/(+!&a$&.(+!)-!R#>#>!)-!)&<-/-$%-+!G-$-/0.&($-+2!.($!)&+%&$%(!G/0)(!)-!

<;$.&($07&F0.&a$!,0/0!-7!_.&)(!134134135-%(K&-%(K&8-%(K&80.b%&.(e!5@%<'%-Z2!5@%<'%

AX2!K@%<'%5KT! *!K@%<'%A5\`! R0/0! .(5,7-%0/! -7! -+%;)&(! +-! +&$%-%&Fa! ;$! )-/&Z0)(!

&a$&.(!)-7!.(5,;-+%(!5!)-!1)%3>R#2!<!"#&'!`!!

!

!

9LM3N6#AO#/rP=BFLF#JB#,IF#JBNLU6JIF#LsPL>IF#JB,#'!&!&R#

!

!

!



!

!

!

1jC!

!

9LM3N6#5O#8F=N3>=3N6F#JB#,IF#>IE)3BF=IF#JBNLU6JIF#JB#!"#%&'!O#A`#5#Q#-R#

!

@-!-+%;)&a! 70!Z&0'&7&)0)!.-7;70/!)-! 7(+!.(5,;-+%(+!0$%-/&(/-+!-$!)(+! 7\$-0+!

.-7;70/-+e! .b7;70+!U1[">=!*! .b7;70+!5-+-$E;&507-+!)-5($+%/_$)(+-!E;-!$&$G]$!

)-/&Z0)(!)-!1)%3>R#!,/-+-$%0!%(K&.&)0)!0!$&Z-7-+!&$<-/&(/-+!0!"!5Go5V2!5&-$%/0+!

E;-2!,(/!-7!.($%/0/&(2!7(+!)-/&Z0)(+!)-!R#>#>!0<-.%0$!07!./-.&5&-$%(!.-7;70/!)-+)-!

'0^0+!.($.-$%/0.&($-+`!

O&$075-$%-2! +-! -+%;)&a! 70! .0,0.&)0)! )-! 7(+! .(5,;-+%(+! ,0/0! <(/50/!

.(5,7-^(+!.($!_.&)(+!$;.7b&.(+`!D($!-+%-!<&$2!+-!/-07&F0/($!-7-.%/(<(/-+&+!-$!G-7!)-!

0G0/(+0! .($! 7(+! )&<-/-$%-+! )-/&Z0)(+! )-$)/\%&.(+! *! )(+! ,7_+5&)(+! )-! %050f(+!

)&<-/-$%-+e! ,=OR! *! ,#)! 0! )&<-/-$%-+! /0%&(+`! P()(+! 7(+! .(5,;-+%(+! /-+;7%0/($!

.0,0.-+!)-! <(/50/!.(5,7-^(+!.($! 7(+!)(+!,7_+5&)(+2!+&-$)(! 7(+!)-/&Z0)(+! &a$&.(+!

)-!R#>#>!7(+!5_+!&$%-/-+0$%-+`!@&$!-5'0/G(2!!-7!.(5,;-+%(!5_+!,/(5-%-)(/!<;-!

-7! L!"#&'!! ,(/! +;! '0^0! %(K&.&)0)! *! +;! 07%0! .0,0.&)0)! ,0/0! <(/50/! .(5,7-^(+!

-7-.%/(+%_%&.(+!.($!_.&)(+!$;.7b&.(+`!

O;%;/(+! -K,-/&5-$%(+! )-! %/0$+<-..&a$! ),4 6)3-'! ,-/5&%&/_$! .(5,/('0/! 70!

-<&.0.&0!)-!7(+!.(5,;-+%(+!.(5(!Z-.%(/-+!)-!_.&)(+!$;.7-&.(+`!

!

N$! -7! FBM3PJI# >6)r=3,I! )-! -+%0! %-+&+! )(.%(/07! +-! -+%;)&0/($! )-/&Z0)(+!

)-$)/\%&.(+!)-!1)%3>R#!.(5(!0G-$%-+!)-!.($%/0+%-`!!

N$! ,/&5-/! 7;G0/! +-! 77-Za! 0! .0'(! 70! +\$%-+&+! )-! )-$)/($-+!5()&<&.0)(+! .($!

7&G0$)(+!)-!:lP#!E;-!+-!.0/G0/($!.($!&($-+!)-!=)4QQQ8!*!+-!5&)&a!70!/-70^0.&a$!)-!

7(+! )-$)/($-+! ,/-,0/0)(+`! V(+! )-$)/($-+! 5()&<&.0)(+! ,/-+-$%0/($! 50*(/-+!

Z07(/-+!)-!/-70^0.&a$!E;-!-7!.(5,;-+%(!)-!/-<-/-$.&02!-$!,0/%&.;70/!-7!)-$)/a$!)-!

+-G;$)0!G-$-/0.&a$!E;-!,-/5&%-!0;5-$%0/!%/-+!Z-.-+!70!/-70^0.&a$`!

N$! +-G;$)(! 7;G0/! +-! 0.(,70/($! .($! ;$&)0)-+! )-! Z-.%(/&F0.&a$e! ;$0!5(7b.;70! )-!

_.&)(!<a7&.(!*!;$!0$%&.;-/,(!5($(.7($07!0$%&SNX1`!N7!_.&)(!<a7&.(!+-!;$&a!5-)&0$%-!

E;\5&.0!c.7&.?d!.0%07&F0)0!,(/!.('/-4Q8!%/0+!70!<;$.&($07&F0.&a$!)-!70!5(7b.;70!,(/!

;$! %/&,7-! -$70.-`! V0! ;$&a$! )-7! 0$%&.;-/,(! +-! /-07&Fa! 0,/(Z-.60$)(! 7(+! G/;,(+!
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1j"!

.0/'(6&)/0%(+!+&%;0)(+!-$!70!,0/%-!DS1!)-!+;+!.0)-$0+!,-+0)0+`!R/-Z&05-$%-!0!-+%-!

,0+(!+-!.(5,/('a!E;-!-7!0$%&.;-/,(!,()\0!+-/!5()&<&.0)(!+&$!0<-.%0/!0!+;!0.%&Z&)0)!

'&(7aG&.0!*!+-7-.%&Z&)0)!,0/0!7(+!/-.-,%(/-+!SNX1!+&%;0)(+!-$!70!5-5'/0$0!)-!70+!

.b7;70+`! @-! 5&)&-/($! )-! $;-Z(! 7(+! Z07(/-+! )-! /-70^0.&a$! )-! 7(+! .(5,;-+%(+!

,/-,0/0)(+`! V(+! /-+;7%0)(+! .($<&/50$! E;-! -7! 0.(,705&-$%(! )-! 7(+! )-$)/($-+! 0!

5(7b.;70+!)-!Z-.%(/&F0.&a$!50$%&-$-!!70!0.%&Z&)0)!)-!7(+!.(5,;-+%(+!.(5(!0G-$%-+!

)-!.($%/0+%-`!!

!

! R(+%-/&(/-+!-+%;)&(+!),46)3-'!-!),46)6'!,-/5&%&/_$!.(5,7-%0/!-7!-+%;)&(!)-!7(+!

.(5,;-+%(+!,/-,0/0)(+`!!

!

N$!-7!=BN>BN#>6)r=3,I!+-!-+%;)&0/($!$0$(3%/0$+,(/%0)(/-+!)-!<_/50.(+!0$%&3

507_/&.(+!<(/50)(+!0!,0/%&/!)-!)-/&Z0)(+!)-$)/\%&.(+!0$<\<&7(+`!

D($!-+%-!('^-%&Z(2!+-!)&+-f0/($!*!+&$%-%&F0/($!.;0%/(!.(5,;-+%(+!)-/&Z0)(+!

)-!)-$)/\5-/(+!)-!1)%3>R#!4#!*!98!*!)-!,(7\5-/(+!)-/&Z0)(+!)-!,(7(K05-/!4D!*!:8`!

@-!;%&7&Fa!-7!.(5,;-+%(!.(5-/.&07!/-G&+%/0)(!.(5(!,7;/($&.k`!

R(+%-/&(/5-$%-2!+-!-+%;)&a!70!-$.0,+;70.&a$!)-!)(+!<_/50.(+!0$%&3507_/&.(+!

6&)/a<&7(+e! 70! .7(/(E;&$0! 4DT8! *! 70! ,/&50E;&$0! 4RT8`! V0! -$.0,+;70.&a$! )-! -+%(+!

<_/50.(+!+-!/-07&Fa!5-)&0$%-!;$!5b%()(!)-!-5;7+&a$!0.-&%-o0G;0!-$!,/-+-$.&0!)-!

7(+! .(5,;-+%(+! )-$)/\%&.(+`! V(+! .(5,7-^(+! <(/50)(+! <;-/($! -+%;)&0)(+! ,(/!

5&./(+.(,&0!-7-.%/a$&.0!)-!'0//&)(!4@N>8`!

9LM3N6#-O#/rP=BFLF#JB#,IF#JBNLU6JIF#JBF#!"#%&'!#>IEI#6MBP=BF#JB#>IP=N6F=B#UB>=INLV6JIFR#



!

!

!

1j1!

!

!

!!!!!!!!!!!!!!!!! !

9LM3NB##AAXO#&I,B>3,B>3,6F#JB#>,INIp3LP6#^*2`#LVp3LBNJ6_#Q#)NLE6p3LP6#^'2`#JBNB>H6_R#

!

P/0+! 60'-/! .(5,/('0)(! 70! $(3%(K&.&)0)! )-! 7(+! $0$(3('^-%(+! ,0/0! .b7;70+!

-$)(%-7&07-+! 0! 70+! .($.-$%/0.&($-+! $-.-+0/&0+2! +-! -+%;)&a! 70! &$6&'&.&a$! )-!

./-.&5&-$%(! )-7! ,0/0+&%(4"#$%&'()*&4,(/! 7(+! .(5,;-+%(+! <(/50)(+2! .(5,0/0$)(!

.($! 70! -<&.0.&0! )-! 7(+! <_/50.(+! 7&'/-+`! D($! )(+! )-! 7(+! .(5,;-+%(+! )-/&Z0)(+! )-7!

_.&)(!,7;/a$&.(2!:4DT8!*!D4RT82!+-!('%;Z&-/($!5-^(/-+!/-+;7%0)(+!)-!&$6&'&.&a$!)-7!

./-.&5&-$%(!)-7!,0/_+&%(!),46)3-'!E;-!.($!+;+!.(//-+,($)&-$%-+!<_/50.(+!7&'/-+`!

@-!77-Za!0!.0'(!70!-$.0,+;70.&a$!)-!/()05&$0!.($!7(+!)-/&Z0)(+!#2!92!D!*!:2!

7(! .;07! ,-/5&%&a! .($<&/50/! 70! -+,-.&<&.&)0)! )-! 0..&a$! )-! $0$(3('^-%(+! ,-E;-f(+!

)-'&)0!0!70!0<-.%0.&a$!)-!70!5-5'/0$0!,(/!-7!,0/_+&%(`!

!

% %

% %

NCl

HN
N

N

HN
NH2

O



!

!

!

1jM!

!"#$%&'("#)'*!

!

3 V(+! )-/&Z0)(+! )-$)/\%&.(+! '0+0)(+! -$!5($a5-/(+! )-!1)%3>R#! %&-$-$! ;$0!

'0^0!%(K&.&)0)!),46)3-'`!

3 @;! <0.&7&)0)! )-! <;$.&($07&F0.&a$! 60.-! )-! -+%(+! .(5,;-+%(+! 50%-/&07-+!

07%05-$%-!,(7&Z07-$%-+`!

!

3 V(+! )-$)/\5-/(+! &a$&.(+! ,/-,0/0)(+! +($! ';-$(+! .0$)&)0%(+! ,0/0! <(/50/!

.(5,7-^(+!-7-.%/(+%_%&.(+!.($!7(+!_.&)(+!$;.7-&.(+`!N7!)-$)/\5-/(!L!"#&'!!

/-]$-!'0^0!%(K&.&)0)!*!07%0!.0,0.&)0)!,0/0!0.(5,7-^0/!,:I#`!

!

3 N7! 0.(,705&-$%(! )-! )-$)/($-+! <;$.&($07&F0)(+! .($! 7&G0$)(+! )-! :lP#! 0!

5(7b.;70+!)-!Z-.%(/&F0.&a$!50$%&-$-! 70!0.%&Z&)0)!)-! 7(+!.(5,;-+%(+!.(5(!

0G-$%-+!)-!.($%/0+%-`!V0!5()&<&.0.&a$!)-!0$%&.;-/,(+!,(/!/-0..&a$!E;\5&.0!

$(!0<-.%0!$&!0!+;!+-7-.%&Z&)0)!$&!0!+;!0.%&Z&)0)!'&(7aG&.0`!

!

3 :(+!.(5,;-+%(+!0$<\<&7(+!)-/&Z0)(+!)-!,7;/($&.k!*!1)%3>R#!-$!7(+!.;07-+!+-!

-$.0,+;70/($! 0$%&507_/&.(+2! :4DT8! *! D4RT82! ,-/5&%&-/($! 5-^(/0/! 7(+!

/-+;7%0)(+!)-! &$6&'&.&a$!)-7!./-.&5&-$%(!)-7!,0/_+&%(! ),46)3-'!-$!/-70.&a$!0!

7(+!.(//-+,($)&-$%-+!<_/50.(+!7&'/-+`!

!

!

!


