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tionalized nanoparticles and methods of making and using
same. In one aspect, the invention relates to degradable poly-
mers and degradable nanoparticles. In one aspect, the inven-
tion relates to methods of preparing degradable nanoparticles
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during the preparation of degradable nanoparticles. In one
aspect, the degradable nanoparticles are useful for complex-
ing, delivering, and releasing payloads, including pharma-
ceutically active payloads. This abstract is intended as a scan-
ning tool for purposes of searching in the particular art and is
not intended to be limiting of the present invention.

. R

o
KA R
33 \§ B

& '

&

Y
waseRs Yy

i,

NG

£



Patent Application Publication Jun. 6, 2013 Sheet 1 of 42 US 2013/0142733 A1

bk, igprrviny

SOONERY

200000 4

Y G TR TG e e
ftshalion Time 9

& P81 o D 42500 nmg @ A2 nm) N B8 any
N TS ne & 821w © 5B am) @ 307 e

FIGURE 1



Patent Application Publication Jun. 6, 2013 Sheet 2 of 42 US 2013/0142733 A1

LY R )

Haopativle Conenteation svwinnd

FIGURE 2



Jun. 6,2013 Sheet 3 of 42 US 2013/0142733 Al

Patent Application Publication

3 L% N §
iR { Sl Y 3 § i
el s e e . (SR 3 N Ny S R < 3
T o e R : N N e 3 "“‘3\*3"7 gy 'fm ‘:\@‘..\&\\V,;.-\c\‘\.m\\ FAN
_E R N ¥ ¥
& i i Fag ¥ T § Y
N gy o O @
N H
N H
B 3

T

¥ S— 4 S p— _
B8 me W oWE M0 OWE WO M0 as

rwuteativey Thne iy

FIGURE 3



Patent Application Publication Jun. 6, 2013 Sheet 4 of 42 US 2013/0142733 A1

,i

2,
3

o5
2%

‘M o ,\\Q\@“‘
‘ﬁx ‘\“\w«\\\“....

Ratpaned Puctilave] %

-3

o
i

73
i
i

N
S

Reteass Tiwe Suyd

FIGURE 4




US 2013/0142733 Al

Jun. 6,2013 Sheet 5 0f 42

Patent Application Publication

A

soorert,

7

s

=,
o

#

iy

v

FIGURE 6



Patent Application Publication Jun. 6, 2013 Sheet 6 of 42 US 2013/0142733 A1

S
H
B

Brimonidine

Dissalved
in Dropped into
DM S0 Wit EfHG0

FIGURE 7



US 2013/0142733 Al

Jun. 6,2013 Sheet 7 of 42

Patent Application Publication

0z

{sAvpy s}

Ot (I} ne ol

09
Apoedd ge ypey
=) /1= QT [ -
[£3d-34=d) 5007
“le e 'y eiue gy
=RTEY
Aogte s Buag
(7ad)
ongtele's m_n__.m.n_ ...... o
oz =
12 W eduesey ) g
2007

g 18 T MBS i

ases|ay Bnlg Mapusds s

- ool

- 0gl

{o;loseapay usnRg

FIGURE 8



US 2013/0142733 Al

Jun. 6,2013 Sheet 8 of 42

Patent Application Publication

SRAEYS WY G

% -~ 5

z

£

& - %
b

=

E

z

e

e,

e

{aseam: %OOL) sAep g1 taseopas %OOLY SAEP O
i% ov) shep B mozkshep g

TR YRR s s o
R QYRR T Ry S GRS DO X,

I I YOS, S Y Y £, pod
By Yo By Bty S o sty

s O

.
y

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s sy,
@N i\\ﬂ\w

o gl ALY Do 8

(oo %00} SAED 04

R RS

s iz D pooey,
% £

TR -R SO TR

FIGURE 9



Patent Application Publication Jun. 6, 2013 Sheet 9 of 42 US 2013/0142733 A1

(0] @] @]
ij) \/\é %) o)
A b C

o
| L\/ﬂ\
Ab omdauon $o
m- CPBA

N Miqw
BUVE USSR

~ ABD
0
0 0 0 0
o o OJ\M\[\OW or
3 2 15 0 4
0 Il ABCD

FIGURE 10



Patent Application Publication Jun. 6, 2013 Sheet 10 of 42 US 2013/0142733 A1

FIGURE 11



Patent Application Publication

8007
700
6007
5007

4007

Diameter (nm)

3007

2007

1007

Jun. 6,2013 Sheet 11 of

42 US 2013/0142733 Al

4 6 8
Amine/1 Epoxide

FIGURE 12

10

LA N i}\ }

i
J Sx&»\.}\}\m_ﬁ ;;;;;;;;;;;;;;; 1 ;;;;;;;;;;

16 amine 1 epoxide

& amine:1 epoxide

& amine: 1 epoxide

PR

FIGURE 13



Patent Application Publication Jun. 6, 2013 Sheet 12 of 42 US 2013/0142733 A1

Tarneter ()

Dameter {nim b

200 -

g

600

500 4

400

300 o

200 .

a0 4

Nanoparticles from polv(vl-evl)
{AB)

800

800 -

700

£00

500

400

300 -

200 -

100

i

Aminesl Epoxide

FIGURE 14

Nanaparticles from poly{vl-evl-opd)
(ABD)

Anine’]l Epoxide

FIGURE 15



Patent Application Publication Jun. 6, 2013 Sheet 13 of 42 US 2013/0142733 A1

LHamm eter {nn}

Diameter {nm)

200.00 ~

00,00 -

600.00 ~

500.00 -

400.00

300.00

200.00

100.00 -

0.00 -

40 5

K0

U

Nangoparticles from polv(veevlpvl)

(ABC)

Amine Epoxide

FIGURE 16

(2% &¥l)

Amine’l Epoxide

FIGURE 17



Patent Application Publication Jun. 6, 2013 Sheet 14 of 42 US 2013/0142733 A1

N Nanceparticles trom poly{vl-evl)
0 (AB) (7% ev])
700

QO
S0

0¥

Diameter (nmj

30007

2041

100

-
| 6
Jeu
o -

&) 10

Amine/1 Epoxide

FIGURE 18

03D -~ Nanoparticles from poly(vl-evl)
850 -
TR} 4

G50

S50 4

Diameter (nm)

450

33 -

250

154

a 10

[
‘o
o
A
=
1]
v

Amine:l Epoxide

FIGURE 19



Patent Application Publication Jun. 6, 2013 Sheet 15 of 42 US 2013/0142733 A1

NH,
/J§ NH,
HN™ “NH
HN™ S\y
HN
NH,
NH
NH

9 HC1
H,N

FIGURE 20



Patent Application Publication Jun. 6, 2013 Sheet 16 of 42 US 2013/0142733 A1

£ies

o
N,
R

FIGURE 21



Patent Application Publication Jun. 6, 2013 Sheet 17 of 42 US 2013/0142733 A1

FIs-1

Fi-2

FIGURE 22



Patent Application Publication Jun. 6, 2013 Sheet 18 of 42 US 2013/0142733 A1

FEr-1

Fixg

FIGURE 23

FIGURE 24



Patent Application Publication Jun. 6, 2013 Sheet 19 of 42 US 2013/0142733 A1

DCC, HOBt, THF

NO,, H,. Raney-Ni /j
» NH,
o

tt, EfOH/DCM \’J\ok 9
oH

o]
© K o 0
NO,
OH
1 2 OH
o 3
Og OH
O
OI1
0 Oe)
NH OH 3 mono-Boc-diamine
NH OH DCC, HOBT _
S e} b. HC], Dioxane
OH  c. NN'-diBoc-N"-triflylguanidine
NH o
Qo O
OH
O= 0 “oH
OH
4 5
BocN NHBoc
BocN, NHBoc YBOCN
i 9 NHBoc
ocN,
HN ?/\THBOC N
3, N Boen NHBoc
Q’H T
NH ( NBoc
oX o NH Y’
HN NHBoc
oc
/-(-/f NHBOC I1,. Raney-Ni
- H,N
H NBOC
NHBoc
O N N_.NBoc
HW ‘f O § g NBoc
N-\. 17  NHBoc T
NH H =N npoc o NYLH  NHBoc
)y " NIT 7 M-,
" NB NHB NBoc
HN o¢ o )i NRoc
NHBoc 1IN NHBoc
NHBoc
6 n=1 8§ n=1
7 n=35 9 n=5

FIGURE 25A



Jun. 6,2013 Sheet 20 of 42 US 2013/0142733 Al

Patent Application Publication

a. FITC, E3N
b. HCI, Dioxane

—»

FD-1 n=1 \r
- =5 Lﬂn
FD-2 n=3 NH NH, @971l

FIGURE 25B

ScFv Antiboies G

SN SRt R

U a
Peptide ~ &7 @2
pide & S\

NG \
SN RUSYY
NS t\\\“\Q \~ 3*\\«§\\’x
SR [ RS
il T

\\@*\x\ N S

Imaging reagents Imaging reagents
Drug load

Drug load

FIGURE 26



Patent Application Publication Jun. 6, 2013 Sheet 21 of 42 US 2013/0142733 A1

HE_

PRA buffer, &R

4

BOT profected

< pro

'
N,
NS
)

N,

K G0, [
—_—
MetHA, G 52

[TR ey
(o)

FIGURE 27

+ Plasmid DNA

Complexation



Patent Application Publication Jun. 6, 2013 Sheet 22 of 42 US 2013/0142733 A1

FIGURE 28

BT protecisd

N

NS

_
313-peptide and contrcl

{\.J

e

FIGURE 29




Patent Application Publication Jun. 6, 2013 Sheet 23 of 42 US 2013/0142733 A1

FIGURE 30

AR

TR

a1
kg

L pbd concentration for 30 gun

FIGURE 31



US 2013/0142733 Al

Jun. 6,2013 Sheet 24 of 42

Patent Application Publication

7

I,
-
i \\N\\\&\\ i \“\ \\\\\ Z
Z 777 7
7

i

\‘\
.
.
2

77

.

_
§\\

oot

a TR

..l 7 2
cEE . .
= 2 ! T .
Ll ot E ! | . . . \
T = Bl . .
=

o
]
i =
| &
i =)
w 4
i =4 == =
on % X
H_ o - \\\\N
=l = g -
,UW Fad | fap] 7 . .
& -
.
= 4 _ . \“\w\\\\m\w\
e | . -
.
. \“\ \\mvnm\ _
g 7

FIGURE 33



Patent Application Publication Jun. 6, 2013 Sheet 25 of 42 US 2013/0142733 A1

N

o

FIGURE 34

§w '

A
R %

& -
e

FIGURE 35



Patent Application Publication Jun. 6, 2013 Sheet 26 of 42 US 2013/0142733 A1

FIGURE 36

FIGURE 37



Patent Application Publication Jun. 6, 2013 Sheet 27 of 42 US 2013/0142733 A1

FIGURE 38

Yaccing Development
Frotein Relivery
Blocking Vivus Repraduntion
Serine Protease Inhibitorn Apvothsin

FIGURE 39



Patent Application Publication Jun. 6, 2013

Sheet 28 of 42

US 2013/0142733 Al

o
Yrrrs
955255
P

A inaffer M hus

FIGURE 40



Patent Application Publication Jun. 6, 2013 Sheet 29 of 42 US 2013/0142733 A1

FIGURE 41



Patent Application Publication Jun. 6, 2013 Sheet 30 of 42 US 2013/0142733 A1

Naha
i \\\ Q\\? 5

FIGURE 41
Size Dstribution by Munber
40
20
g
E
=
=
10
0 ——t -+ -+t ——+— -+
1 10 100 1000 10000
Size {d.nmi

‘ﬁ Record 1062 Manoparticles 82 3.76 mgil 2

FIGURE 43



Patent Application Publication Jun. 6, 2013 Sheet 31 of 42 US 2013/0142733 A1

e 1
H!\"‘ :' (\
fﬁ*\\\ _—

H; H -»\Jﬁpm\f\o (:,;u
e N
- N

S &

“"*\'\ o &

H BN ‘
},-u*"H ] 5 + lgG h‘m‘é ~HR
e b
B - B u _
[ h ’E h [ 1w
L 0 ~ T
LRI ] f# P 8,
# I‘e x N) ! i \9\“\‘-§H‘
oSS o A .
= 2 FRS bufar pHT 4 laGMY e o )
Cogd O, N, 2
L T e ‘\i} ¥ J({HJ }4 =y
ey Fl A (e —
HH5 Q\ {;{.—J . s fm
3
TE T )
PN W Y AT .
- By ‘\.JLN ~\~:._/'\Fr~‘\\_f"\.«"\r/~ﬁ’_( i
PR RO
27 C,}rﬂ-? —
Qe ™
;% -y
o= g gl T M
N ¢ ~ B g
f‘x '\? R
& -{'\? 1“ﬁ
D |
y \t T
\.,.:{&* M ?—NH.
ot

FIGURE 44



Patent Application Publication Jun. 6, 2013 Sheet 32 of 42 US 2013/0142733 A1

R —,-.
T S
i\\&\\\\\\\&\\\\\\\\i\\\\i\?\\\\\

) il

_Thhnh
IR

7

T

7

TR

\R\\x\\\\\\\ R

N

N
\\\ R

s

X \\\ M —_—_,,

N \\\ TR R
&&\ \ i\\w\\\Q\\Q\\ IR .

RN
\\ St
L .

7
7
-
e s

.
N
X
N

N
NN
N

é
/

RS A R

N W N W R

N R N X

R SR ‘ \\\\\ N R \\\\

\\\\\wx\\\\\\\\\

___ ' N N T A
T HHHHHa \\\\\\\k\\\\\\*\\‘ Ml T i
A R
Tl s aaSGS § R _T_T_OH_H @ T ——_,.T
:\N\i\\\;W\%\\\\\@c\\wx\ X \\\\\‘Q\\\\\\ s\\k\%m\\\\\*
'§\\§\\QN\\\\\\\§\ TRRRER \\\\\\\\\\31\\\1\5\&%\\\\\\\\\‘
RN N \\\ _nn \\§.§§\\\\\ \Y\\\\\\\ RS
LIt \i\\\\\\\ﬁ% \\\\&\&“\Q\\\\\ﬁ%\%&w
A \\\\\\\!\‘Q\ﬁi\§t§\\\\\\¥

R \ X A T T T T TR TR
: HHHRne N \§\\\\\\\\i\;\‘\\'\\“\: Mt
: HTHHnes T ... \\\\\\

R R
\\\\\&\\ -
iR i TR \§\§\\\
X 3 X R N

NS L

FIGURE 45






Patent Application Publication Jun. 6, 2013 Sheet 34 of 42 US 2013/0142733 A1

FIGURE 47

Exploration in vivo

scrambied peptide

No targeting L‘eft tumor recei\\:ed_l’; ely
asa Croce Righi ttunor received 0 Gy

FIGURE 48



Jun. 6,2013 Sheet 35 of 42 US 2013/0142733 Al

Patent Application Publication
Targeted Chemotherapy

o
% /\T‘ﬁ\[kg‘,{‘“\“"

&

Acidic pH

Tumor Micreemvirenmant ¥
_,\z, B o o]
g | | 1,\\{\ 0§
% o i3
< A8 0 oH e
ol
e N Ny
Release of free DOX

N

FIGURE 49

Lomes

e

Reting

FIGURE 50



Patent Application Publication Jun. 6, 2013 Sheet 36 of 42 US 2013/0142733 A1

o] Q
AMWOH + HQN/\/O\/\O/\/NH2
(o) ()

NzBH,CN
THF/CH,CI,

H

QO

S

FIGURE 51

12h,nrt




Patent Application Publication Jun. 6, 2013 Sheet 37 of 42 US 2013/0142733 A1

L -
e
SRR \\}\\\:R X

R

R

s i

S & S RN R 3 : i R
L L - L

FIGURE 52



Patent Application Publication Jun. 6, 2013 Sheet 38 of 42 US 2013/0142733 A1

FIGURE §3



Patent Application Publication Jun. 6, 2013 Sheet 39 of 42 US 2013/0142733 A1

NN
TRRTTHRR
NS \\*

W

FIGURE 54



Patent Application Publication Jun. 6, 2013 Sheet 40 of 42 US 2013/0142733 A1

50 nm
7% cross-linking density
1.3% travatan, 0.38 mg/ml

400 nm
149% cross-linking density

22.4% bimatoprost, 3.58 mg/mlL
FIGURE 55A FIGURE 55B

700 nm
14% cross-linking density
28.35 % bimatoprost, 4.7 mg/mL

FIGURL 55C



Patent Application Publication Jun. 6, 2013 Sheet 41 of 42 US 2013/0142733 A1

Intravitreal Travatan Nanoparticles vs PBS

(]
-

—.— Irtraritreal Travatan nanopaticles
== Intrsnitreal PBS

I3
%]
1

[
=
L

—
&3
1

—
f=y

&: Bilateral microbead injactis
5 B B: Intravitreal injections

Intraccular Pressure (mmHg)
—
f=~3

<+
-

0 2 i | ] & 10 12
Days

Topical Travatan vs Intravitreal Travatan Nanoparticles

24 1 g Topical Travatan A: Bilateral microbead injection

— Intawitres! Travatan Manopaticies B: 1st topical Travatan or intravitreal
nanaparticle injection

C:2nd topical Travatan

P
[

Pl
=

Intraocular Pressure (mmHg)
— —
=2 oo
1 L

-
b

%=
as

Days

FIGURE 56



Patent Application Publication Jun. 6, 2013 Sheet 42 of 42 US 2013/0142733 A1

Intravitreal Lumigan Nanoparticles vs Control

24 4 —&- Intravitreal PBS
== Intranitreal Lumigan nanoparticles
o 22
-
=
é 20
@
7 18 -
£
2
& 16 -
b=
=
=
o4 14
=]
=
E 12
A B A Bilateral microbead injection
10 - + * B: Intravitreal injections
0 5 10 15 20 25 30

Days

Intravitreal Lumigan Nanoparticles vs Control
24 -

—- Intravitresl PBS
==/~ Intrasitreal Lumigan nanop atticles

D 22 -
I
£
£ 20 -
o
@ 18 -
7]
i
o 1§ -
1
=
3 14 -
g
£ 12
& B A: Bilateral microbead injection
10 - & * B: Intravitreal injections
0 10 20 30 40 a0
Days

FIGURE 57



US 2013/0142733 Al

MULTIFUNCTIONAL DEGRADABLE
NANOPARTICLES WITH CONTROL OVER
SIZE AND FUNCTIONALITIES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. applica-
tion Ser. No. 12/651,710, filed Jan. 4, 2010, which is hereby
incorporated herein by reference in its entirety.
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has certain rights in the invention.

BACKGROUND

[0003] Biodegradable nanoparticles have received increas-
ing attention as versatile drug delivery scaffolds to enhance
the efficacy of therapeutics. Effectiveness of delivery, how-
ever, can be influenced by the particle size and morphology,
as these parameters can greatly affect the biological function
and fate of the material. [Zweers, M. L. T.; Grijpma, D. W.;
Engbers, G. H. M.; Feijen, J., J. Controlled Release 2003, 87,
252-254.] Narrowly dispersed particles are highly preferred
for use in delivery or sensing applications with respect to
monitoring and predicting their behavior as their exhibit a
more constant response to external stimuli. [Lubetkin, S.;
Mulqueen, P.; Paterson, E. Pesti. Sci. 1999, 55, 1123-1125.]
[0004] One disadvantage of conventional methods is the
irreproducibility in the size and shape of the particles, since
these can be profoundly influenced by the stabilizer and the
solvent used. [Kumar, M. N. V. R.; Bakowsky, U.; Lehr, C.
M., Biomaterials 2004, 25, 1771-1777.] Another major draw-
back of conventional biodegradable nanoparticles, based on
poly(e-caprolactone) and other aliphatic polyesters, is the
lack of pendant functional groups, which can make physio-
chemical, mechanical, and biological properties difficult to
modify. [(a) Riva, R.; Lenoir, S.; Jérdme, R.; Lecomte, P.
Polymer 2005, 46, 8511-8518. (b) Sasatsu, M.; Onishi, H.;
Machida, Y. Inter. J. Pharm. 2006, 317, 167-174.] The avail-
ability of functional groups is a desirable means of tailoring
the properties of a particle, including hydrophilicity, biodeg-
radation rate, and bioadhesion.

[0005] Therefore, there remains a need for methods and
compositions that overcome these deficiencies and that effec-
tively provide functionalized, degradable nanoparticles with
reproducibility in particle size and shape.

SUMMARY

[0006] In accordance with the purpose(s) of the invention,
as embodied and broadly described herein, the invention, in
one aspect, relates to polymers, crosslinked polymers, func-
tionalized polymers, nanoparticles, and functionalized nano-
particles and methods of making and using same.

[0007] Disclosed are methods of administering a pharma-
ceutical or biologically active agent to a cell comprising con-
tacting the cell with a degradable polyester nanoparticle-
agent complex (nanoparticle complex) thereby administering
the pharmaceutical or biologically active agent to the cell.
[0008] Also disclosed are methods of modulating a recep-
tor on a cell comprising contacting the receptor with a degrad-
able polyester nanoparticle pharmaceutical or biologically
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active agent complex, wherein one or more pharmaceutical
agents is encapsulated by a degradable polyester nanopar-
ticle.

[0009] Also disclosed are methods of inhibiting VEGF
activity in an eye in a subject comprising administering to the
subject a degradable polyester nanoparticle pharmaceutical
or biologically active agent complex (nanoparticle complex).
[0010] Also disclosed are methods of inhibiting carboninc
anhydrase activity in an eye in a subject comprising admin-
istering to the subject an effective amount of a degradable
polyester nanoparticle pharmaceutical or biologically active
agent complex (nanoparticle complex).

[0011] Also disclosed are methods of treating a ophthalmic
disorder comprising administering to a subject an effective
amount of a degradable polyester nanoparticle pharmaceuti-
cal or biologically active agent complex (nanoparticle com-
plex).

[0012] Also disclosed are crosslinked degradable nanopar-
ticle a having a polyester backbone and one or more
crosslinks having a structure selected from:

wherein L is a divalent alkyl chain or alkyloxyalkyl chain.
[0013] Also disclosed are compositions comprising a
degradable polyester nanoparticle and, encapsulated therein,
a biologically active agent, a pharmaceutically active agent,
or an imaging agent.

[0014] Also disclosed are kits comprising a first degradable
polyester nanoparticle and a first biologically active agent,
first pharmaceutically active agent, or first imaging agent
encapsulated within the first nanoparticle, and one or more of:
a second biologically active agent, second pharmaceutically
active agent, or second imaging agent encapsulated within the
first nanoparticle, wherein the first biologically active agent,
first pharmaceutically active agent, or first imaging agent is
different from the second biologically active agent, second
pharmaceutically active agent, or second imaging agent; or a
second degradable polyester nanoparticle and a second bio-
logically active agent, second pharmaceutically active agent,
or second imaging agent encapsulated within the second
nanoparticle, wherein the first biologically active agent, first
pharmaceutically active agent, or first imaging agent is dif-
ferent from the second biologically active agent, second phar-
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maceutically active agent, or second imaging agent; a phar-
maceutically acceptable carrier; or instructions for treating a
disorder known to be treatable by the first biologically active
agent or first pharmaceutically active agent.

[0015] Also disclosed are the products of the disclosed
methods.
[0016] Also disclosed are methods of intracellular delivery

comprising administering an effective amount of a disclosed
nanoparticle to a subject.

[0017] Also disclosed are methods for the manufacture of a
medicament for delivery of a biologically active agent, a
pharmaceutically active agent, and/or an imaging moiety
comprising combining at least one disclosed polymer or at
least one disclosed nanoparticle with a pharmaceutically
acceptable carrier.

[0018] Also disclosed are uses of a disclosed polymer or a
disclosed nanoparticle to deliver a biologically active agent, a
pharmaceutically active agent, and/or an imaging moiety.

[0019] Also disclosed are pharmaceutical compositions
comprising a therapeutically effective amount of one or more
disclosed polymer and/or one or more disclosed nanoparticle
and a pharmaceutically acceptable carrier for administration
in a subject, for example, a mammal.

[0020] Also disclosed are pharmaceutical compositions for
diagnosing, treating, and/or preventing ophthalmic disorders,
the compositions comprising a therapeutically effective
amount of one or more disclosed polymer and/or one or more
disclosed nanoparticle and a pharmaceutically acceptable
carrier for administration in a subject, for example, a mam-
mal. In one aspect, the compositions can be administered
transcorneally.

[0021] Also disclosed are microparticles, and/or larger net-
works, for use as materials for tissue engineering and biogels
in biomedical devices.

[0022] While aspects of the present invention can be
described and claimed in a particular statutory class, such as
the system statutory class, this is for convenience only and
one of skill in the art will understand that each aspect of the
present invention can be described and claimed in any statu-
tory class. Unless otherwise expressly stated, it is in no way
intended that any method or aspect set forth herein be con-
strued as requiring that its steps be performed in a specific
order. Accordingly, where a method claim does not specifi-
cally state in the claims or descriptions that the steps are to be
limited to a specific order, it is no way intended that an order
be inferred, in any respect. This holds for any possible non-
express basis for interpretation, including matters of logic
with respect to arrangement of steps or operational flow, plain
meaning derived from grammatical organization or punctua-
tion, or the number or type of aspects described in the speci-
fication.

BRIEF DESCRIPTION OF THE FIGURES

[0023] The accompanying figures, which are incorporated
in and constitute a part of this specification, illustrate several
aspects and together with the description serve to explain the
principles of the invention.

[0024] FIG. 1 shows hydrolytic biodegradation studies of
(A) 725.1£943 nm poly(vl-evl) nanoparticles to (#)
30.71+2.21 nm AB nanoparticles. All particles are non-emul-
sified.
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[0025] FIG. 2 shows cytotoxicity of vitamin E TPGS for-
mulated nanoparticles on HelLa cells after 24 h incubation
using the MTT assay. Fitted curve shows cell viability of the
HeLa cell line.

[0026] FIG. 3 shows in vitro degradation profile of vitamin
E TPGS formulated poly(vl-evl-avl-opd) nanoparticles of 53
nm in DPBS at pH 7.4 and 37° C. over a period of 384 h (16
days).

[0027] FIG. 4 shows in vitro release profile of paclitaxel
from particles loaded with 11.3% paclitaxel prepared with the
emulsification process. The drug release was performed in
DPBS at pH 7.4 and 37° C. for 60 days. The cumulative
release profile shows a desirable controlled and sustained
release of paclitaxel from the nanoparticles.

[0028] FIG. 5 shows transmission electron microscopy
(TEM) images of (A) nanoparticles without taxol with a size
of 53 nm and (B) nanoparticles encapsulated with 11.3%
taxol with a size dimension of 57 nm.

[0029] FIG. 6 shows synthesis of a targeted, water-soluble
nanoparticle drug delivery system involving thiol-ene “click”
chemistries and drug loading via developed emulsification
process after post-modification.

[0030] FIG. 7 shows encapsulation of brimonidine in nano-
particles.

[0031] FIG. 8 shows drug release of disclosed nanopar-
ticles in comparison to other polyester based nanoparticle
systems.

[0032] FIG. 9 shows synthesis and validation of optimized
nanoparticles differentiated by size, release kinetics, incor-
porated drug, targeting parameter, and/or imaging modality.
[0033] FIG. 10 shows multifunctional linear polyester pre-
cursors with epoxide cross-linking entity.

[0034] FIG. 11 shows TEM images of AB nanoparticles;
(1) 2 equivalents of amine; (2) 5 equivalents of amine; (3) 8
equivalents of amine.

[0035] FIG. 12 shows polynomial increase of nanoparticle
diameter (nm) with increase of diamine cross-linker; (H)
ABD nanoparticles; (#) AB nanoparticles; (@) ABC nano-
particles.

[0036] FIG. 13 shows 'H NMR overlay for poly(vl-evl)
nanoparticles with increasing cross-linking.

[0037] FIG. 14 shows polynomial increase of nanoparticle
diameter (nm) with increase of diamine cross-linker for (¢)
AB nanoparticles from FIG. 12.

[0038] FIG. 15 shows polynomial increase of nanoparticle
diameter (nm) with increase of diamine cross-linker for ()
ABD nanoparticles from FIG. 12.

[0039] FIG. 16 shows polynomial increase of nanoparticle
diameter (nm) with increase of diamine cross-linker for (@)
ABC nanoparticles from FIG. 12.

[0040] FIG. 17 shows polynomial increase of nanoparticle
diameter (nm) with increase of diamine cross-linker for AB
nanoparticles from poly(vl-evl) (2% evl) (H).

[0041] FIG. 18 shows polynomial increase of nanoparticle
diameter (nm) with increase of diamine cross-linker for AB
nanoparticles from poly(vl-evl) (7% evl) (#).

[0042] FIG. 19 shows polynomial increase of nanoparticle
diameter (nm) with increase of diamine cross-linker for AB
nanoparticles from poly(vl-evl) (19% evl) (#).

[0043] FIG. 20 shows a schematic representation of the
structures for FD-1 and FD-2.

[0044] FIG. 21 shows time course of internalization of (a)
FD-1 and (b) FD-2 into NIH-3T3 Fibroblasts at 37° C. The
conjugate concentration was 10 uM.
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[0045] FIG. 22 shows the effect of temperature on (a) FD-1
and (b) FD-2 internalization. The human microvascular
endothelial cells (HMEC) cells were incubated with conju-
gates (10 uM) for 2.5 min at 4° C. or at 37° C.

[0046] FIG. 23 shows the effect of temperature on (a) FD-1
and (b) FD-2 internalization. The HMEC cells were incu-
bated with conjugates (1 uM) for 30 min at 4° C. or at 37° C.
[0047] FIG. 24 shows control experiments: (a) The HMEC
cells were incubated with free FITC conjugates (10 uM) for
60 min at 37° C. (b) The HMEC cells were incubated with
Boc-protected guanidinylated FD-2 (10 uM) for 60 minat37°
C.

[0048] FIG. 25A and FIG. 25B show an exemplary syn-
thetic scheme for the preparation of FD-1, FD-2, and inter-
mediates thereof.

[0049] FIG. 26 shows a schematic of exemplary multimo-
dal nanoparticles.

[0050] FIG. 27 shows an exemplary conjugation of a dis-
closed dendrimeric material with a disclosed cross-linked
organic nanoparticle.

[0051] FIG. 28 shows a schematic illustrating a disclosed
delivery system (e.g., gene delivery).

[0052] FIG. 29 illustrates preparation of a disclosed deliv-
ery system (e.g., gene delivery).

[0053] FIG. 30 shows micrographs demonstrating mitro-
chondrial localization of the disclosed delivery systems (e.g.,
gene delivery).

[0054] FIG. 31 shows micrographs demonstrating uptake
of a disclosed delivery system (e.g., gene delivery) in ciEn-
dothelial cells.

[0055] FIG. 32 demonstrates the flexibility of assembly of
the disclosed delivery systems.

[0056] FIG. 33 shows micrographs of HelLa cells exposed
10 uM FD-1 for 1 h, fixed with 3.3% paraformaldehyde,
stained with 100 nM Mitotracker® Red 580 FM. The illumi-
nated regions show cell penetration (left), mitochondria loca-
tion (center), and overlap (right).

[0057] FIG. 34 shows micrographs of HelLa cells exposed
20 uM FD-2 for 1 h, fixed with 3.3% paraformaldehyde,
stained with 100 nM Mitotracker® Red 580 FM. The illumi-
nated regions show cell penetration (left), mitochondria loca-
tion (center), and overlap (right).

[0058] FIG. 35 shows micrographs demonstrating intercel-
Iular transport of an aprotinin-fluorophore-transporter conju-
gate (FD-1, illustrated) into HAEC cells.

[0059] FIG. 36 shows micrographs demonstrating intercel-
Iular transport of an aprotinin-fluorophore-transporter conju-
gate (FD-2) into HAEC cells.

[0060] FIG. 37 shows micrographs demonstrating no
uptake (i.e., no intercellular transport into HAEC cells) of a
control aprotinin-fluorophore conjugate (illustrated).

[0061] FIG. 38 illustrates several chemical strategies for
binding transporter moities to various protein functional
groups (e.g., amine, thiol, carbonyl).

[0062] FIG. 39 presents strategies for vaccine development
by incorporation of aprotinin through conjugation to carbo-
nyl-functionalized proteins (e.g., tyrosine residues) by Man-
nich reaction.

[0063] FIG. 40 illustrates incorporation of fluorophores
through conjugation to carbonyl-functionalized proteins
(e.g., tyrosine residues) by Mannich reaction.

[0064] FIG. 41 illustrates incorporation of transporter moi-
eties through conjugation to carbonyl-functionalized pro-
teins.
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[0065] FIG. 41 shows TEM analysis of the nanoparticles
(225.6 nm) produced from crosslinking of poly(vl-evl-avl-
opd) (ABbD).

[0066] FIG. 43 shows the particle size distribution mea-
sured by dynamic light scatter analysis of “one-pot” nanopar-
ticles (272.3+23.3 nm) produced from crosslinking of poly
(vl-evl-avl-opd) (ABbD).

[0067] FIG. 44 shows a scheme for a thiol exchange reac-
tion with an IgG antibody to form an IgGMT bioconjugate.
[0068] FIG. 45 shows microscopy images of uptake of
IgGMT into HEp-2 cells for 10 min, 30 min, 1 h, 2 h, 6 h and
negative control experiment (NC) with Alexa Fluor® 568
labeled IgG.

[0069] FIG. 46 shows microscopy images of HEp-2 cells
infected with RSV for 24 h, washed and imaged 48 h after
infection for the fluorescence of GFP (c). HEp-2 cells
infected with RSV for 24 h, incubated for 30 min with IgGMT
and imaged after 48 h for the fluorescence of GFP (a) and
Alexa Fluor® 568 of the IgGMT (b), merged images (a) and
(b) (merged a+b).

[0070] FIG. 47 shows microscopy images of HEp-2 cells
infected with RSV for 24 h, incubated for 30 min with IgGMT
and imaged immediately for the green fluorescence of the
GFP (a) and the red fluorescence of the IgGMT conjugate (b),
merged images of (a) and (b) (a+b merged). HEp-2 cells
infected with RSV for 24 h, incubated for 30 min with IgGMT
and imaged after 48 h for the fluorescence of GFP (a) and
Alexa Fluor® 568 of the IgGMT conjugate (b), merged
images (a) and (b) (merged a+b).

[0071] FIG. 48 shows results for a radiation guided Nano-
particle-peptide targeting in a Lewis-Lung Carcinoma Tumor
Model.

[0072] FIG. 49 shows a scheme for delivery of a biological
active substance.

[0073] FIG. 50 shows fluorescence microscopy images of
portions of the eye of a rat after administration of a nanopar-
ticle bioconjugate comprising an imaging agent.

[0074] FIG. 51 shows a schematic of nanoparticle forma-
tion from poly(vl-opd) via reductive amination.

[0075] FIG. 52 shows a transmission electron microscopy
(TEM) image of nanoparticles formed from poly(vl-opd) via
reductive amination.

[0076] FIG. 53 shows deposition of DiO dye on the retinal
surface over time after a single injection of DiO nanoparticle
complex.

[0077] FIG. 54 shows deposition of DiO dye in ganglion
cells over time after a single injection of DiO nanoparticle
complex.

[0078] FIG. 55 shows “nanosponges,” which are three-di-
mensional nano-networks formed from degradable materials,
in particular, formed by crosslinking degradable linear poly-
esters. FIG. 55A is a schematic representation of a 50 nm
degradable nanoparticle (nanosponge), 7% cross-linking
density, loaded with 1.3% travatan, 0.38 mg/mL. FIG. 55B is
a schematic representation of a 400 nm degradable nanopar-
ticle (nanosponge), 14% cross-linking density, loaded with
22.4% bimatoprost, 3.58 mg/mL. FIG. 55C is a schematic
representation of a 700 nm degradable nanoparticle (nano-
sponge), 14% cross-linking density, loaded with 29.35%
bimatoprost, 4.7 mg/mL. In a separate example, a more crys-
talline 700 nm degradable nanoparticle (nanosponge), 14%
cross-linking density, was loaded with 25.41% bimatoprost,
4.07 mg/mL..
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[0079] FIG. 56 summarizes hypotensive drug trials with a
50 nm “nanosponge” (7% cross-linking density, 1.3% trava-
tan, 0.38 mg/mL.). The upper panel is a graph of intraocular
pressure as a function of time after intravitreal administration
of the nanosponge (intravitreal travatan nanoparticles) (-@-)
versus time after intravitreal administration of PBS (-V-). The
lower panel is a graph of intraocular pressure as a function of
time after intravitreal administration of topical travatan (-@-)
versus time after intravitreal administration of the nano-
sponge (intravitreal travatan nanoparticles) (-V-).

[0080] FIG. 57 summarizes hypotensive drug trials with a
Lumigan (Bimatoprost Ophthalmic)-loaded 400 nm “nano-
sponge” (14% cross-linking density, 22.4% bimatoprost, 3.58
mg/mL), with a 700 nm “nanosponge” (14% cross-linking
density, 29.35% bimatoprost, 4.7 mg/mL), and with a 700 nm
“nanosponge” (14% cross-linking density, 25.41% bimato-
prost, 4.07 mg/mlL). The upper panel is a graph of intraocular
pressure as a function of time after intravitreal administration
of control (PBS) (-@-) versus time after intravitreal adminis-
tration of the 400 nm nanosponge (intravitreal bimatoprost
nanoparticles) (-V-). The lower panel is a graph of intraocular
pressure as a function of time after intravitreal administration
of control (PBS) (-@-) versus time after intravitreal adminis-
tration of the 700 nm nanosponge (intravitreal bimatoprost
nanoparticles) (-V-).

[0081] Additional advantages of the invention will be set
forth in part in the description which follows, and in part will
be obvious from the description, or can be learned by practice
of the invention. The advantages of the invention will be
realized and attained by means of the elements and combina-
tions particularly pointed out in the appended claims. It is to
be understood that both the foregoing general description and
the following detailed description are exemplary and
explanatory only and are not restrictive of the invention, as
claimed.

DESCRIPTION

[0082] The present invention can be understood more
readily by reference to the following detailed description of
the invention and the Examples included therein.

[0083] Before the present compounds, compositions,
articles, systems, devices, and/or methods are disclosed and
described, it is to be understood that they are not limited to
specific synthetic methods unless otherwise specified, or to
particular reagents unless otherwise specified, as such may, of
course, vary. It is also to be understood that the terminology
used herein is for the purpose of describing particular aspects
only and is not intended to be limiting. Although any methods
and materials similar or equivalent to those described herein
can be used in the practice or testing of the present invention,
example methods and materials are now described.

[0084] All publications mentioned herein are incorporated
herein by reference to disclose and describe the methods
and/or materials in connection with which the publications
are cited. The publications discussed herein are provided
solely for their disclosure prior to the filing date of the present
application. Nothing herein is to be construed as an admission
that the present invention is not entitled to antedate such
publication by virtue of prior invention. Further, the dates of
publication provided herein can be different from the actual
publication dates, which can require independent confirma-
tion.
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A. Definitions

[0085] As used herein, nomenclature for compounds,
including organic compounds, can be given using common
names, IUPAC, ITUBMB, or CAS recommendations for
nomenclature. When one or more stereochemical features are
present, Cahn-Ingold-Prelog rules for stereochemistry can be
employed to designate stereochemical priority, E/Z specifi-
cation, and the like. One of skill in the art can readily ascertain
the structure of a compound if given a name, either by sys-
temic reduction of the compound structure using naming
conventions, or by commercially available software, such as
CHEMDRAW™ (Cambridgesoft Corporation, U.S.A.).
[0086] As used in the specification and the appended
claims, the singular forms “a,” “an” and “the” include plural
referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a functional group,” “an alkyl,” or
“a residue” includes mixtures of two or more such functional
groups, alkyls, or residues, and the like.

[0087] Rangescanbe expressed herein as from “about” one
particular value, and/or to “about” another particular value.
When such a range is expressed, another aspect includes from
the one particular value and/or to the other particular value.
Similarly, when values are expressed as approximations, by
use of the antecedent “about,” it will be understood that the
particular value forms another aspect. It will be further under-
stood that the endpoints of each of the ranges are significant
both in relation to the other endpoint, and independently of
the other endpoint. It is also understood that there are a
number of values disclosed herein, and that each value is also
herein disclosed as “about” that particular value in addition to
the value itself. For example, if the value “10” is disclosed,
then “about 10” is also disclosed. It is also understood that
each unit between two particular units are also disclosed. For
example, if 10 and 15 aredisclosed, then 11,12, 13, and 14 are
also disclosed.

[0088] References in the specification and concluding
claims to parts by weight of a particular element or compo-
nent in a composition denotes the weight relationship
between the element or component and any other elements or
components in the composition or article for which a part by
weight is expressed. Thus, in a compound containing 2 parts
by weight of component X and 5 parts by weight component
Y, X andY are present at a weight ratio of 2:5, and are present
in such ratio regardless of whether additional components are
contained in the compound.

[0089] A weight percent (wt. %) of a component, unless
specifically stated to the contrary, is based on the total weight
of'the formulation or composition in which the component is
included.

[0090] Asused herein, the terms “optional” or “optionally”
means that the subsequently described event or circumstance
can or can not occur, and that the description includes
instances where said event or circumstance occurs and
instances where it does not.

[0091] As used herein, the term “treatment” refers to the
medical management of a patient with the intent to cure,
ameliorate, stabilize, or prevent a disease, pathological con-
dition, or disorder. This term includes active treatment, that is,
treatment directed specifically toward the improvement of a
disease, pathological condition, or disorder, and also includes
causal treatment, that is, treatment directed toward removal of
the cause of the associated disease, pathological condition, or
disorder. In addition, this term includes palliative treatment,
that is, treatment designed for the relief of symptoms rather
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than the curing of the disease, pathological condition, or
disorder; preventative treatment, that is, treatment directed to
minimizing or partially or completely inhibiting the develop-
ment of the associated disease, pathological condition, or
disorder; and supportive treatment, that is, treatment
employed to supplement another specific therapy directed
toward the improvement of the associated disease, pathologi-
cal condition, or disorder.

[0092] As used herein, the term “diagnosed” means having
been subjected to a physical examination by a person of skill,
for example, a physician, and found to have a condition that
can be diagnosed or treated by the compounds, compositions,
or methods disclosed herein. For example, “diagnosed with
an occular disorder” means having been subjected to a physi-
cal examination by a person of skill, for example, a physician,
and found to have a disorder of the eye or eyes prior to
treatment. As a further example, “diagnosed with glaucoma™
means having been subjected to a physical examination by a
person of skill, for example, a physician, and found to have
glaucoma (e.g., “open angle” or “closed angle™) prior to
treatment.

[0093] As used herein, the phrase “identified to be in need
of treatment for a disorder,” or the like, refers to selection of
a subject based upon need for treatment of the disorder. For
example, a subject can be identified as having a need for
treatment of a disorder (e.g., an occular disorder, glaucoma,
“open angle” glaucoma, or “closed angle” glaucoma) based
upon an earlier diagnosis by a person of skill and thereafter
subjected to treatment for the disorder. As a further example,
a subject can be identified as having a need for treatment of a
disorder after administration by recognition of the subject’s
response to the treatment (i.e., alleviation of symptoms or
prevention of disorder). It is contemplated that the identifica-
tion can, in one aspect, be performed by a person different
from the person making the diagnosis. It is also contemplated,
in a further aspect, that the administration can be performed
by one who subsequently performed the administration.
[0094] As used herein, the term “prevent” or “preventing”
refers to precluding, averting, obviating, forestalling, stop-
ping, or hindering something from happening, especially by
advance action. It is understood that where reduce, inhibit or
prevent are used herein, unless specifically indicated other-
wise, the use of the other two words is also expressly dis-
closed.

[0095] As used herein, the terms “administering” and
“administration” refer to any method of providing a pharma-
ceutical preparation to a subject. Such methods are well
known to those skilled in the art and include, but are not
limited to, oral administration, transdermal administration,
administration by inhalation, nasal administration, topical
administration (such as, for example, eye drops, creams,
salves, and irrigation), intravaginal administration, oph-
thalmic administration, intraaural administration, intracere-
bral administration, rectal administration, and parenteral
administration, including injectable such as intravenous
administration, intra-arterial administration, intramuscular
administration, and subcutaneous administration. Adminis-
tration can be continuous or intermittent. In various aspects, a
preparation can be administered therapeutically; that is,
administered to treat an existing disease or condition. In fur-
ther various aspects, a preparation can be administered pro-
phylactically; that is, administered for prevention of a disease
or condition. It is further contemplated that administration
methods include parenteral methods such as intravitreal, sub-
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cutaneous, intradermal, intravenous, epicutaneous, intraocu-
lar, conjunctival, subconjuctival, intracorneal, retrobulbar,
and intramuscular injections.

[0096] As used herein, the term “subject” refers to a target
of' administration. The subject of the herein disclosed meth-
ods can be a vertebrate, such as a mammal, a fish, a bird, a
reptile, or an amphibian. Thus, the subject of the herein dis-
closed methods can be a human, non-human primate, horse,
pig, rabbit, dog, sheep, goat, cow, cat, guinea pig or rodent.
The term does not denote a particular age or sex. Thus, adult
and newborn subjects, as well as fetuses, whether male or
female, are intended to be covered. A patient refers to a
subject aftlicted with a disease or disorder. The term “patient”
includes human and veterinary subjects.

[0097] As used herein, the terms “effective amount” and
“amount effective” refer to an amount that is sufficient to
achieve a desired result or to have an effect on undesired
symptoms, but is generally insufficient to cause adverse side
affects. The specific effective dose level for any particular
patient will depend upon a variety of factors including the
disorder being treated and the severity of the disorder; the
specific composition employed; the age, body weight, gen-
eral health, sex and diet of the patient; the time of adminis-
tration; the route of administration; the rate of excretion of the
specific compound employed; the duration of the treatment;
drugs used in combination or coincidental with the specific
compound employed and like factors well known in the medi-
cal arts. For example, it is well within the skill of the art to
start doses of a compound at levels lower than those required
to achieve the desired effect and to gradually increase the
dosage until the desired effect is achieved. If desired, the
effective daily dose can be divided into multiple doses for
purposes of administration. Consequently, single dose com-
positions can contain such amounts or submultiples thereofto
make up the daily dose. The dosage can be adjusted by the
individual physician in the event of any contraindications.
Dosage can vary, and can be administered in one or more dose
administrations daily, for one or several days. Guidance can
be found in the literature for appropriate dosages for given
classes of pharmaceutical products. In a further aspect, a
preparation can be administered in a “diagnostically effective
amount”; that is, an amount effective for diagnosis of a dis-
ease or condition. In a further aspect, a preparation can be
administered in a “therapeutically effective amount™; that is,
an amount effective for treatment of a disease or condition. In
a further aspect, a preparation can be administered in a “pro-
phylactically effective amount”; that is, an amount effective
for prevention of a disease or condition.

[0098] As used herein, the term “pharmaceutically accept-
able carrier” refers to sterile aqueous or nonaqueous solu-
tions, dispersions, suspensions or emulsions, as well as sterile
powders for reconstitution into sterile injectable solutions or
dispersions just prior to use. Examples of suitable aqueous
and nonaqueous carriers, diluents, solvents or vehicles
include water, ethanol, polyols (such as glycerol, propylene
glycol, polyethylene glycol and the like), carboxymethylcel-
Iulose and suitable mixtures thereof, vegetable oils (such as
olive oil) and injectable organic esters such as ethyl oleate.
Proper fluidity can be maintained, for example, by the use of
coating materials such as lecithin, by the maintenance of the
required particle size in the case of dispersions and by the use
of'surfactants. These compositions can also contain adjuvants
such as preservatives, wetting agents, emulsifying agents and
dispersing agents. Prevention of the action of microorgan-
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isms can be ensured by the inclusion of various antibacterial
and antifungal agents such as paraben, chlorobutanol, phenol,
sorbic acid and the like. It can also be desirable to include
isotonic agents such as sugars, sodium chloride and the like.
Prolonged absorption of the injectable pharmaceutical form
can be brought about by the inclusion of agents, such as
aluminum monostearate and gelatin, which delay absorption.
Injectable depot forms are made by forming microencapsule
matrices of the drug in biodegradable polymers such as poly-
lactide-polyglycolide, poly(orthoesters) and poly(anhy-
drides). Depending upon the ratio of drug to polymer and the
nature of the particular polymer employed, the rate of drug
release can be controlled. Depot injectable formulations are
also prepared by entrapping the drug in liposomes or micro-
emulsions which are compatible with body tissues. The
injectable formulations can be sterilized, for example, by
filtration through a bacterial-retaining filter or by incorporat-
ing sterilizing agents in the form of sterile solid compositions
which can be dissolved or dispersed in sterile water or other
sterile injectable media just prior to use. Suitable inert carriers
can include sugars such as lactose. Desirably, at least 95% by
weight of the particles of the active ingredient have an effec-
tive particle size in the range of 0.01 to 10 micrometers.

[0099] As used herein, the term “biologically active agent”
or “bioactive agent” means an agent that is capable of pro-
viding a local or systemic biological, physiological, or thera-
peutic effect in the biological system to which it is applied.
For example, the bioactive agent can act to control infection
orinflammation, enhance cell growth and tissue regeneration,
control tumor growth, act as an analgesic, promote anti-cell
attachment, and enhance bone growth, among other func-
tions. Other suitable bioactive agents can include anti-viral
agents, vaccines, hormones, antibodies (including active anti-
body fragments sFv, Fv, and Fab fragments), aptamers, pep-
tide mimetics, functional nucleic acids, therapeutic proteins,
peptides, or nucleic acids. Other bioactive agents include
prodrugs, which are agents that are not biologically active
when administered but, upon administration to a subject are
converted to bioactive agents through metabolism or some
other mechanism. Additionally, any of the compositions of
the invention can contain combinations of two or more bio-
active agents. It is understood that a biologically active agent
can be used in connection with administration to various
subjects, for example, to humans (i.e., medical administra-
tion) or to animals (i.e., veterinary administration).

[0100] As used herein, the term “pharmaceutically active
agent” includes a “drug” or a “vaccine” and means a mol-
ecule, group of molecules, complex or substance adminis-
tered to an organism for diagnostic, therapeutic, preventative
medical, or veterinary purposes. This term include externally
and internally administered topical, localized and systemic
human and animal pharmaceuticals, treatments, remedies,
nutraceuticals, cosmeceuticals, biologicals, devices, diag-
nostics and contraceptives, including preparations useful in
clinical and veterinary screening, prevention, prophylaxis,
healing, wellness, detection, imaging, diagnosis, therapy, sur-
gery, monitoring, cosmetics, prosthetics, forensics and the
like. This term may also be used in reference to agriceutical,
workplace, military, industrial and environmental therapeu-
tics or remedies comprising selected molecules or selected
nucleic acid sequences capable of recognizing cellular recep-
tors, membrane receptors, hormone receptors, therapeutic
receptors, microbes, viruses or selected targets comprising or
capable of contacting plants, animals and/or humans. This
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term can also specifically include nucleic acids and com-
pounds comprising nucleic acids that produce a bioactive
effect, for example deoxyribonucleic acid (DNA) or ribo-
nucleic acid (RNA). Pharmaceutically active agents include
the herein disclosed categories and specific examples. Itis not
intended that the category be limited by the specific
examples. Those of ordinary skill in the art will recognize also
numerous other compounds that fall within the categories and
that are useful according to the invention. Examples include a
radiosensitizer, the combination of a radiosensitizer and a
chemotherapeutic, a steroid, a xanthine, a beta-2-agonist
bronchodilator, an anti-inflammatory agent, an analgesic
agent, a calcium antagonist, an angiotensin-converting
enzyme inhibitors, a beta-blocker, a centrally active alpha-
agonist, an alpha-1-antagonist, carbonic anhydrase inhibi-
tors, prostaglandin analogs, a combination of'an alpha agonist
and a beta blocker, a combination of a carbonic anhydrase
inhibitor and a beta blocker, an anticholinergic/antispas-
modic agent, a vasopressin analogue, an antiarrhythmic
agent, an antiparkinsonian agent, an antiangina/antihyperten-
sive agent, an anticoagulant agent, an antiplatelet agent, a
sedative, an ansiolytic agent, a peptidic agent, a biopolymeric
agent, an antineoplastic agent, a laxative, an antidiarrheal
agent, an antimicrobial agent, an antifungal agent, or a vac-
cine. In a further aspect, the pharmaceutically active agent
can be coumarin, albumin, bromolidine, steroids such as
betamethasone, dexamethasone, methylprednisolone, pred-
nisolone, prednisone, triamcinolone, budesonide, hydrocor-
tisone, and pharmaceutically acceptable hydrocortisone
derivatives; xanthines such as theophylline and doxophylline;
beta-2-agonist bronchodilators such as salbutamol, fenterol,
clenbuterol, bambuterol, salmeterol, fenoterol; antiinflam-
matory agents, including antiasthmatic anti-inflammatory
agents, antiarthritis antiinflammatory agents, and non-steroi-
dal antiinflammatory agents, examples of which include but
are not limited to sulfides, mesalamine, budesonide, sala-
zopyrin, diclofenac, pharmaceutically acceptable diclofenac
salts, nimesulide, naproxene, acetominophen, ibuprofen,
ketoprofen and piroxicam; analgesic agents such as salicy-
lates; calcium channel blockers such as nifedipine, amlo-
dipine, and nicardipine; angiotensin-converting enzyme
inhibitors such as captopril, benazepril hydrochloride, fosi-
nopril sodium, trandolapril, ramipril, lisinopril, enalapril,
quinapril hydrochloride, and moexipril hydrochloride; beta-
blockers (i.e., beta adrenergic blocking agents) such as sotalol
hydrochloride, timolol maleate, timol hemihydrate,
levobunolol hydrochloride, esmolol hydrochloride, carteolol,
propanolol hydrochloride, betaxolol hydrochloride, penb-
utolo] sulfate, metoprolol tartrate, metoprolol succinate, ace-
butolol hydrochloride, atenolol, pindolol, and bisoprolol
fumarate; centrally active alpha-2-agonists (i.e., alpha adren-
ergic receptor agonist) such as clonidine, brimonidine tar-
trate, and apraclonidine hyrochloride; alpha-1-antagonists
such as doxazosin and prazosin; anticholinergic/antispas-
modic agents such as dicyclomine hydrochloride, scopola-
mine hydrobromide, glycopyrrolate, clidinium bromide, fla-
voxate, and oxybutynin; vasopressin analogues such as
vasopressin and desmopressin; prostaglandin analogs such as
latanoprost, travoprost, and bimatoprost; cholinergics (i.e.,
acetylcholine receptor agonists) such as pilocarpine hydro-
chloride and carbachol; glutamate receptor agonists such as
the N-methyl D-aspartate receptor agonist memantine; anti-
Vascular endothelial growth factor (VEGF) aptamers such as
pegaptanib; anti-VEGF antibodies (including but not limited
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to anti-VEGF-A antibodies) such as ranibizumab and beca-
cizumab; carbonic anhydrase inhibitors such as methazola-
mide, brinzolamide, dorzolamide hydrochloride, and aceta-
zolamide; antiarrhythmic agents such as quinidine, lidocaine,
tocamide hydrochloride, mexiletine hydrochloride, digoxin,
verapamil hydrochloride, propafenone hydrochloride, fleca-
mide acetate, procainamide hydrochloride, moricizine
hydrochloride, and disopyramide phosphate; antiparkinso-
nian agents, such as dopamine, L-Dopa/Carbidopa, sel-
egiline, dihydroergocryptine, pergolide, lisuride, apomor-
phine, and bromocryptine; antiangina agents and
antihypertensive agents such as isosorbide mononitrate, isos-
orbide dinitrate, propranolol, atenolol and verapamil; antico-
agulant and antiplatelet agents such as coumadin, warfarin,
acetylsalicylic acid, and ticlopidine; sedatives such as benzo-
diazapines and barbiturates; ansiolytic agents such as
lorazepam, bromazepam, and diazepam; peptidic and
biopolymeric agents such as calcitonin, leuprolide and other
LHRH agonists, hirudin, cyclosporin, insulin, somatostatin,
protirelin, interferon, desmopres sin, somatotropin, thymo-
pentin, pidotimod, erythropoietin, interleukins, melatonin,
granulocyte/macrophage-CSF, and heparin; antineoplastic
agents such as etoposide, etoposide phosphate, cyclophos-
phamide, methotrexate, 5-fluorouracil, vincristine, doxorubi-
cin, cisplatin, hydroxyurea, leucovorin calcium, tamoxifen,
flutamide, asparaginase, altretamine, mitotane, and procarba-
zine hydrochloride; laxatives such as senna concentrate, cas-
anthranol, bisacodyl, and sodium picosulphate; antidiarrheal
agents such as difenoxine hydrochloride, loperamide hydro-
chloride, furazolidone, diphenoxylate hdyrochloride, and
microorganisms; vaccines such as bacterial and viral vac-
cines; antimicrobial agents such as penicillins, cephalospor-
ins, and macrolides, antifungal agents such as imidazolic and
triazolic derivatives; and nucleic acids such as DNA
sequences encoding for biological proteins, and antisense
oligonucleotides. It is understood that a pharmaceutically
active agent can be used in connection with administration to
various subjects, for example, to humans (i.e., medical
administration) or to animals (i.e., veterinary administration).

[0101] As used herein, the term “ophthalmic disorders”
and/or “ophthalmic conditions™ refers to ophthalmic dis-
eases, conditions, and/or disorders including, without limita-
tion, those associated with the anterior chamber of the eye
(i.e., hyphema, synechia); the choroid (i.e., choroidal detach-
ment, choroidal melanoma, multifocal choroidopathy syn-
dromes); the conjunctiva (i.e., conjunctivitis, cicatricial pem-
phigoid, filtering Bleb complications, conjunctival
melanoma, Pharyngoconjunctival Fever, pterygium, con-
junctival squamous cell carcinoma); connective tissue disor-
ders (i.e., ankylosing spondylitis, pseudoxanthoma elasti-
cum, corneal abrasion or edema, limbal dermoid, crystalline
dystrophy keratits, keratoconjunctivitis, keratoconus, kerat-
opathy (including but not limited to Thygeson’s superficial
punctuate keratopathy), megalocornea, corneal ulcer); der-
matologic disorders (i.e., ecrodermatitis enteropathica,
atopic dermatitis, ocular rosacea, psoriasis, Stevens-Johnson
syndrome); endocrine disorders (i.e., pituitary apoplexy);
extraocular disorders (i.e., Abducens Nerve Palsy, Brown
syndrome, Duane syndrome, esotropia, exotropia, oculomo-
tor nerve palsy); genetic disorders (i.e., albinism, Down syn-
drome, Peters Anomaly); the globe (i.e., anophthalmos,
endophthalmitis); hematologic and cardiovascular disorders
(i.e., Giant Cell Arteritis, hypertension, leukemias, Ocular
Ischemic syndrome, sickle cell disease); infectious diseases
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(i.e., actinomycosis, botulism, HIV, diphtheria, Escherichia
coli, Tuberculosis, ocular manifestations of syphilis);
intraocular pressure (i.e., glaucoma, ocular hypotony, Posner-
Schlossman syndrome), the iris and ciliary body (i.e., aniri-
dia, iris prolaps, juvenile xanthogranuloma, ciliary body
melanoma, iris melanoma, uveitis); the lacrimal system (i.e.,
alacrima, Dry Eye syndrome, lacrimal gland tumors); the lens
(i.e., cataract, ectopia lentis, intraocular lens decentration or
dislocation); the 1id (i.e., blepharitis, dermatochalasis, disti-
chiasis, ectropion, eyelid coloboma, Floppy Eye syndrome,
trichiasis, xanthelasma); metabolic disorders (i.e., gout,
hyperlipoproteinemia, Oculocerebrorenal syndrome); neuro-
logic disorders (i.e., Bell Palsy, diplopia, multiple sclerosis);
general ophthalmologic (i.e., red eye, cataracts, macular
degeneration, red eye, macular degeneration); the optic nerve
(i.e., miningioma, optic neuritis, optic neuropathy, papille-
dema); the orbit (i.e., orbital cellulits, orbital dermoid, orbital
tumors); phakomatoses (i.e., ataxia-telangiectasia, neurofi-
bromatosis-1); presbyopia; the pupil (i.e., anisocoria, Horner
syndrome); refractive disorders (i.e., astigmatism, hyperopia,
myopia); the retina (i.e., Coats disease, Fales disease, macu-
lar edema, retinitis, retinopathy); and the sclera (i.e., epis-
cleritis, scleritis).

[0102] As used herein, the terms “imaging moiety” and
“imaging agent” refer to any chemical groups or substance
useful for imaging applications, as known to those of skill in
the art. Examples of imaging agents include radioconjugate,
cytotoxin, cytokine, Gadolinium-DTPA or a quantum dot,
iron oxide, manganese oxide, and fluorescent agents such as
Alexa Fluor dyes and Neuro DiO. In one aspect, an imaging
agent can be provided in nanoparticular form or in micropar-
ticular form. In a further aspect, an imaging agent comprises
Gadolinium-DTPA and iron oxide nanoparticles (magnetite),
as specific MRI contrast agents. In a yet further aspect, an
imaging agent comprises at least one near infrared dye, for
example near infrared dyes based on a porphyrin and/or a
phthalocyanine. See Ghoroghchian et al., Near-infrared-
emissive polymersomes: Self-assembled soft matter for in
vivo optical imaging, PNAS, 2005, vol. 102, no. 8, 2922-
2927.

[0103] As used herein, the term “polymer” refers to a rela-
tively high molecular weight organic compound, natural or
synthetic, whose structure can be represented by a repeated
small unit, the monomer (e.g., polyethylene, rubber, cellu-
lose). Synthetic polymers are typically formed by addition or
condensation polymerization of monomers.

[0104] As used herein, the term “copolymer” refers to a
polymer formed from two or more different repeating units
(monomer residues). By way of example and without limita-
tion, a copolymer can be an alternating copolymer, a random
copolymer, a block copolymer, or a graft copolymer. It is also
contemplated that, in certain aspects, various block segments
of'a block copolymer can themselves comprise copolymers.
[0105] As used herein, the term “oligomer” refers to a
relatively low molecular weight polymer in which the number
of repeating units is between two and ten, for example, from
two to eight, from two to six, or form two to four. In one
aspect, a collection of oligomers can have an average number
ofrepeating units of from about two to about ten, for example,
from about two to about eight, from about two to about six, or
form about two to about four.

[0106] As used herein, the term “reactive residue” refers to
a moiety (e.g., a monomer residue) capable of undergoing
chemical reaction at a reaction temperature and/or in



US 2013/0142733 Al

response to a stimulus to form a reactive intermediate. In one
aspect, a reactive residue is a moiety capable undergoing an
intramolecular cross-linking reaction to provide intramolecu-
lar chain collapse.

[0107] As used herein, the term “polymerizable group”
refers to a group (i.e., a chemical functionality) capable of
undergoing a polymerization reaction at a polymerization
temperature and/or in response to a polymerization initiator
to form a polymer or an oligomer. In one aspect, the polymer-
ization reaction is a radical polymerization (e.g., a vinyl poly-
merization). It is understood that catalysts can be employed in
connection with the polymerization reaction. It is contem-
plated that, in various aspects, polymerizable groups can be
used in step-growth or chain growth reactions. Exemplary
polymerizable groups include residues of vinyl, styryl, acry-
loyl, methacryloyl, aryl, and heteroaryl compounds.

[0108] A residue of a chemical species, as used in the
specification and concluding claims, refers to the moiety that
is the resulting product of the chemical species in a particular
reaction scheme or subsequent formulation or chemical prod-
uct, regardless of whether the moiety is actually obtained
from the chemical species. Thus, an ethylene glycol residue in
apolyester refers to one or more —OCH,CH,O—units in the
polyester, regardless of whether ethylene glycol was used to
prepare the polyester. Similarly, a sebacic acid residue in a
polyester refers to one or more —CO(CH,),CO— moieties
in the polyester, regardless of whether the residue is obtained
by reacting sebacic acid or an ester thereof to obtain the
polyester.

[0109] As used herein, the term “substituted” is contem-
plated to include all permissible substituents of organic com-
pounds. In a broad aspect, the permissible substituents
include acyclic and cyclic, branched and unbranched, car-
bocyclic and heterocyclic, and aromatic and nonaromatic
substituents of organic compounds. [llustrative substituents
include, for example, those described below. The permissible
substituents can be one or more and the same or different for
appropriate organic compounds. For purposes of this disclo-
sure, the heteroatoms, such as nitrogen, can have hydrogen
substituents and/or any permissible substituents of organic
compounds described herein which satisfy the valences of the
heteroatoms. This disclosure is not intended to be limited in
any manner by the permissible substituents of organic com-
pounds. Also, the terms “substitution” or “substituted with”
include the implicit proviso that such substitution is in accor-
dance with permitted valence of the substituted atom and the
substituent, and that the substitution results in a stable com-
pound, e.g., acompound that does not spontaneously undergo
transformation such as by rearrangement, cyclization, elimi-
nation, etc.

[0110] In defining various terms, “A'” “A2” “A%” and
“A*” are used herein as generic symbols to represent various
specific substituents. These symbols can be any substituent,
not limited to those disclosed herein, and when they are
defined to be certain substituents in one instance, they can, in
another instance, be defined as some other substituents.
[0111] The term “alkyl” as used herein is a branched or
unbranched saturated hydrocarbon group of 1 to 24 carbon
atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, s-butyl, t-butyl, n-pentyl, isopentyl, s-pentyl, neo-
pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, tetradecyl,
hexadecyl, eicosyl, tetracosyl, and the like. The alkyl group
can also be substituted or unsubstituted. The alkyl group can
be substituted with one or more groups including, but not
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limited to, optionally substituted alkyl, cycloalkyl, alkoxy,
amino, ether, halide, hydroxy, nitro, silyl, sulfo-oxo, or thiol,
as described herein. A “lower alkyl” group is an alkyl group
containing from one to six carbon atoms.

[0112] Throughout the specification “alkyl” is generally
used to refer to both unsubstituted alkyl groups and substi-
tuted alkyl groups; however, substituted alkyl groups are also
specifically referred to herein by identifying the specific sub-
stituent(s) on the alkyl group. For example, the term “halo-
genated alkyl” specifically refers to an alkyl group that is
substituted with one or more halide, e.g., fluorine, chlorine,
bromine, oriodine. The term “alkoxyalkyl” specifically refers
to an alkyl group that is substituted with one or more alkoxy
groups, as described below. The term “alkylamino” specifi-
cally refers to an alkyl group that is substituted with one or
more amino groups, as described below, and the like. When
“alkyl” is used in one instance and a specific term such as
“alkylalcohol” is used in another, it is not meant to imply that
the term “alkyl” does not also refer to specific terms such as
“alkylalcohol” and the like.

[0113] This practice is also used for other groups described
herein. That is, while a term such as “cycloalkyl” refers to
both unsubstituted and substituted cycloalkyl moieties, the
substituted moieties can, in addition, be specifically identified
herein; for example, a particular substituted cycloalkyl can be
referred to as, e.g., an “alkylcycloalkyl.” Similarly, a substi-
tuted alkoxy can be specifically referred to as, e.g., a “halo-
genated alkoxy,” a particular substituted alkenyl can be, e.g.,
an “alkenylalcohol,” and the like. Again, the practice of using
a general term, such as “cycloalkyl,” and a specific term, such
as “alkylcycloalkyl,” is not meant to imply that the general
term does not also include the specific term.

[0114] The term “cycloalkyl” as used herein is a non-aro-
matic carbon-based ring composed of at least three carbon
atoms. Examples of cycloalkyl groups include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
norbornyl, and the like. The term “heterocycloalkyl” is a type
of cycloalkyl group as defined above, and is included within
the meaning of the term “cycloalkyl,” where at least one of the
carbon atoms of the ring is replaced with a heteroatom such
as, but not limited to, nitrogen, oxygen, sulfur, or phosphorus.
The cycloalkyl group and heterocycloalkyl group can be sub-
stituted or unsubstituted. The cycloalkyl group and heterocy-
cloalkyl group can be substituted with one or more groups
including, but not limited to, optionally substituted alkyl,
cycloalkyl, alkoxy, amino, ether, halide, hydroxy, nitro, silyl,
sulfo-oxo, or thiol as described herein.

[0115] The term “polyalkylene group” as used herein is a
group having two or more CH, groups linked to one another.
The polyalkylene group can be represented by the formula
—(CH,),—, where “a” is an integer of from 2 to 500.
[0116] The terms “alkoxy” and “alkoxyl” as used herein to
refer to an alkyl or cycloalkyl group bonded through an ether
linkage; that is, an “alkoxy” group can be defined as —OA'
where A' is alkyl or cycloalkyl as defined above. “Alkoxy”
also includes polymers of alkoxy groups as just described;
that is, an alkoxy can be a polyether such as —QA'-OA? or
—OA'-(0A?),-OA?, where “a” is an integer of from 1 to 200
and A', A% and A® are alkyl and/or cycloalkyl groups.
[0117] The term “alkenyl” as used herein is a hydrocarbon
group of from 2 to 24 carbon atoms with a structural formula
containing at least one carbon-carbon double bond. Asym-
metric structures such as (A*A?)C—C(A>A*) are intended to
include both the E and Z isomers. This can be presumed in
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structural formulae herein wherein an asymmetric alkene is
present, or it can be explicitly indicated by the bond symbol
C—C. The alkeny] group can be substituted with one or more
groups including, but not limited to, optionally substituted
alkyl, cycloalkyl, alkoxy, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, heteroaryl, aldehyde, amino, carboxylic
acid, ester, ether, halide, hydroxy, ketone, azide, nitro, silyl,
sulfo-oxo, or thiol, as described herein.

[0118] The term “cycloalkenyl” as used herein is a non-
aromatic carbon-based ring composed of at least three carbon
atoms and containing at least one carbon-carbon double
bound, i.e., C—C. Examples of cycloalkenyl groups include,
but are not limited to, cyclopropenyl, cyclobutenyl, cyclopen-
tenyl, cyclopentadienyl, cyclohexenyl, cyclohexadienyl, nor-
bornenyl, and the like. The term “heterocycloalkenyl” is a
type of cycloalkenyl group as defined above, and is included
within the meaning of the term “cycloalkenyl,” where at least
one of the carbon atoms of the ring is replaced with a heteroa-
tom such as, but not limited to, nitrogen, oxygen, sulfur, or
phosphorus. The cycloalkenyl group and heterocycloalkenyl
group can be substituted or unsubstituted. The cycloalkenyl
group and heterocycloalkenyl group can be substituted with
one or more groups including, but not limited to, optionally
substituted alkyl, cycloalkyl, alkoxy, alkenyl, cycloalkenyl,
alkynyl, cycloalkynyl, aryl, heteroaryl, aldehyde, amino, car-
boxylic acid, ester, ether, halide, hydroxy, ketone, azide,
nitro, silyl, sulfo-oxo, or thiol as described herein.

[0119] The term “alkynyl” as used herein is a hydrocarbon
group of 2 to 24 carbon atoms with a structural formula
containing at least one carbon-carbon triple bond. The alky-
nyl group can be unsubstituted or substituted with one or
more groups including, but not limited to, optionally substi-
tuted alkyl, cycloalkyl, alkoxy, alkenyl, cycloalkenyl, alky-
nyl, cycloalkynyl, aryl, heteroaryl, aldehyde, amino, car-
boxylic acid, ester, ether, halide, hydroxy, ketone, azide,
nitro, silyl, sulfo-oxo, or thiol, as described herein.

[0120] The term “cycloalkynyl” as used herein is a non-
aromatic carbon-based ring composed of at least seven car-
bon atoms and containing at least one carbon-carbon triple
bound. Examples of cycloalkynyl groups include, but are not
limited to, cycloheptynyl, cyclooctynyl, cyclononynyl, and
the like. The term “heterocycloalkynyl” is a type of cycloalk-
enyl group as defined above, and is included within the mean-
ing of the term “cycloalkynyl,” where at least one of the
carbon atoms of the ring is replaced with a heteroatom such
as, butnot limited to, nitrogen, oxygen, sulfur, or phosphorus.
The cycloalkynyl group and heterocycloalkynyl group can be
substituted or unsubstituted. The cycloalkynyl group and het-
erocycloalkynyl group can be substituted with one or more
groups including, but not limited to, optionally substituted
alkyl, cycloalkyl, alkoxy, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, heteroaryl, aldehyde, amino, carboxylic
acid, ester, ether, halide, hydroxy, ketone, azide, nitro, silyl,
sulfo-oxo, or thiol as described herein.

[0121] The term “aryl” as used herein is a group that con-
tains any carbon-based aromatic group including, but not
limited to, benzene, naphthalene, phenyl, biphenyl, phenoxy-
benzene, and the like. The term “aryl” also includes “het-
eroaryl,” which is defined as a group that contains an aromatic
group that has at least one heteroatom incorporated within the
ring of the aromatic group. Examples of heteroatoms include,
but are not limited to, nitrogen, oxygen, sulfur, and phospho-
rus. Likewise, the term ‘“non-heteroaryl,” which is also
included in the term “aryl,” defines a group that contains an
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aromatic group that does not contain a heteroatom. The aryl
group can be substituted or unsubstituted. The aryl group can
be substituted with one or more groups including, but not
limited to, optionally substituted alkyl, cycloalkyl, alkoxy,
alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, heteroaryl,
aldehyde, amino, carboxylic acid, ester, ether, halide,
hydroxy, ketone, azide, nitro, silyl, sulfo-oxo, or thiol as
described herein. The term “biaryl” is a specific type of aryl
group and is included in the definition of “aryl.”” Biaryl refers
to two aryl groups that are bound together via a fused ring
structure, as in naphthalene, or are attached via one or more
carbon-carbon bonds, as in biphenyl.

[0122] The term “aldehyde” as used herein is represented
by the formula —C(O)H. Throughout this specification
“C(0)” is a short hand notation for a carbonyl group, i.e.,
C—=0.

[0123] The terms “amine” or “amino” as used herein are
represented by the formula NA'A2A> where A', A%, and A®
can be, independently, hydrogen or optionally substituted
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalky-
nyl, aryl, or heteroaryl group as described herein.

[0124] The term “carboxylic acid” as used herein is repre-
sented by the formula —C(O)OH.

[0125] The term “ester” as used herein is represented by the
formula —OC(O)A' or —C(O)OA', where A' can be an
optionally substituted alkyl, cycloalkyl, alkenyl, cycloalk-
enyl, alkynyl, cycloalkynyl, aryl, or heteroaryl group as
described herein. The term “polyester” as used herein is rep-
resented by the formula -(A*O(Q)C-A-C(0)0O),— or -(A'O
(O)YC-A*-OC(0)),—, where A' and A% can be, independently,
an optionally substituted alkyl, cycloalkyl, alkenyl, cycloalk-
enyl, alkynyl, cycloalkynyl, aryl, or heteroaryl group
described herein and “a” is an integer from 1 to 500. “Poly-
ester” is as the term used to describe a group that is produced
by the reaction between a compound having at least two
carboxylic acid groups with a compound having at least two
hydroxyl groups.

[0126] Theterm “ether”asused hereinis represented by the
formula A*OA?, where A' and A? can be, independently, an
optionally substituted alkyl, cycloalkyl, alkenyl, cycloalk-
enyl, alkynyl, cycloalkynyl, aryl, or heteroaryl group
described herein. The term “polyether” as used herein is
represented by the formula -(A'0-A?0),—, where A’ and A2
can be, independently, an optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl,
aryl, or heteroaryl group described herein and “a” is an integer
of from 1 to 500. Examples of polyether groups include
polyethylene oxide, polypropylene oxide, and polybutylene
oxide.

[0127] The term “halide” as used herein refers to the halo-
gens fluorine, chlorine, bromine, and iodine.

[0128] The term “heterocycle,” as used herein refers to
single and multi-cyclic aromatic or non-aromatic ring sys-
tems in which at least one of the ring members is other than
carbon. Heterocycle includes pyridinde, pyrimidine, furan,
thiophene, pyrrole, isoxazole, isothiazole, pyrazole, oxazole,
thiazole, imidazole, oxazole, including, 1,2,3-oxadiazole,
1,2,5-oxadiazole and 1,3,4-oxadiazole, thiadiazole, includ-
ing, 1,2,3-thiadiazole, 1,2,5-thiadiazole, and 1,3,4-thiadiaz-
ole, triazole, including, 1,2,3-triazole, 1,3,4-triazole, tetra-
zole, including 1,2,34-tetrazole and 1,2,4,5-tetrazole,
pyridine, pyridazine, pyrimidine, pyrazine, triazine, includ-
ing 1,2,4-triazine and 1,3,5-triazine, tetrazine, including 1,2,
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4,5-tetrazine, pyrrolidine, piperidine, piperazine, morpho-
line, azetidine, tetrahydropyran, tetrahydrofuran, dioxane,
and the like.

[0129] The term “hydroxyl” as used herein is represented
by the formula —OH.

[0130] The term “ketone” as used herein is represented by
the formula A'C(O)A?, where A’ and A” can be, indepen-
dently, an optionally substituted alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, cycloalkynyl, aryl, or heteroaryl group
as described herein.

[0131] The term “azide” as used herein is represented by
the formula —Nj.

[0132] Theterm “nitro” as used herein is represented by the
formula —NO,.

[0133] The term “nitrile” as used herein is represented by
the formula —CN.

[0134] Theterm “silyl” as used herein is represented by the
formula —SiA'AZA® where A', A%, and A can be, indepen-
dently, hydrogen or an optionally substituted alkyl,
cycloalkyl, alkoxy, alkenyl, cycloalkenyl, alkynyl, cycloalky-
nyl, aryl, or heteroaryl group as described herein.

[0135] The term “sulfo-oxo” as used herein is represented
by the formulas —S(O)A', —S(0),A', —OS(0),A’, or
—0S(0),0A", where A' can be hydrogen or an optionally
substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, or heteroaryl group as described herein.
Throughout this specification “S(0)” is a short hand notation
for S—O. The term “sulfonyl” is used herein to refer to the
sulfo-oxo group represented by the formula —S(0),A’,
where A' can be hydrogen or an optionally substituted alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl,
aryl, or heteroaryl group as described herein. The term “sul-
fone” as used herein is represented by the formula A*S(O)
,A% where A! and A? can be, independently, an optionally
substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, or heteroaryl group as described herein.
The term “sulfoxide” as used herein is represented by the
formula A'S(O)A?, where A' and A? can be, independently,
an optionally substituted alkyl, cycloalkyl, alkenyl, cycloalk-
enyl, alkynyl, cycloalkynyl, aryl, or heteroaryl group as
described herein.

[0136] The term “thiol” as used herein is represented by the
formula —SH.
[0137] The term “organic residue” defines a carbon con-

taining residue, i.e., a residue comprising at least one carbon
atom, and includes but is not limited to the carbon-containing
groups, residues, or radicals defined hereinabove. Organic
residues can contain various heteroatoms, or be bonded to
another molecule through a heteroatom, including oxygen,
nitrogen, sulfur, phosphorus, or the like. Examples of organic
residues include but are not limited alkyl or substituted alkyls,
alkoxy or substituted alkoxy, mono or di-substituted amino,
amide groups, etc. Organic residues can preferably comprise
1 to 18 carbon atoms, 1 to 15, carbon atoms, 1 to 12 carbon
atoms, 1 to 8 carbon atoms, 1 to 6 carbon atoms, or 1 to 4
carbon atoms. In a further aspect, an organic residue can
comprise 2 to 18 carbon atoms, 2 to 15, carbon atoms, 2 to 12
carbon atoms, 2 to 8 carbon atoms, 2 to 4 carbon atoms, or 2
to 4 carbon atoms

[0138] A very close synonym of the term “residue” is the
term “radical,” which as used in the specification and con-
cluding claims, refers to a fragment, group, or substructure of
a molecule described herein, regardless of how the molecule
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is prepared. For example, a 2,4-thiazolidinedione radical in a
particular compound has the structure

regardless of whether thiazolidinedione is used to prepare the
compound. In some embodiments the radical (for example an
alkyl) can be further modified (i.e., substituted alkyl) by hav-
ing bonded thereto one or more “substituent radicals.” The
number of atoms in a given radical is not critical to the present
invention unless it is indicated to the contrary elsewhere
herein.

[0139] “Organic radicals,” as the term is defined and used
herein, contain one or more carbon atoms. An organic radical
can have, for example, 1-26 carbon atoms, 1-18 carbon
atoms, 1-12 carbon atoms, 1-8 carbon atoms, 1-6 carbon
atoms, or 1-4 carbon atoms. In a further aspect, an organic
radical can have 2-26 carbon atoms, 2-18 carbon atoms, 2-12
carbon atoms, 2-8 carbon atoms, 2-6 carbon atoms, or 2-4
carbon atoms. Organic radicals often have hydrogen bound to
at least some of the carbon atoms of the organic radical. One
example, of an organic radical that comprises no inorganic
atoms is a 5,6,7,8-tetrahydro-2-naphthyl radical. In some
embodiments, an organic radical can contain 1-10 inorganic
heteroatoms bound thereto or therein, including halogens,
oxygen, sulfur, nitrogen, phosphorus, and the like. Examples
of organic radicals include but are not limited to an alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, mono-
substituted amino, di-substituted amino, acyloxy, cyano, car-
boxy, carboalkoxy, alkylcarboxamide, substituted alkylcar-

boxamide, dialkylcarboxamide, substituted
dialkylcarboxamide, alkylsulfonyl, alkylsulfinyl, thioalkyl,
thiohaloalkyl, alkoxy, substituted alkoxy, haloalkyl,

haloalkoxy, aryl, substituted aryl, heteroaryl, heterocyclic, or
substituted heterocyclic radicals, wherein the terms are
defined elsewhere herein. A few non-limiting examples of
organic radicals that include heteroatoms include alkoxy
radicals, trifluoromethoxy radicals, acetoxy radicals, dim-
ethylamino radicals and the like.

[0140] “Inorganic radicals,” as the term is defined and used
herein, contain no carbon atoms and therefore comprise only
atoms other than carbon. Inorganic radicals comprise bonded
combinations of atoms selected from hydrogen, nitrogen,
oxygen, silicon, phosphorus, sulfur, selenium, and halogens
such as fluorine, chlorine, bromine, and iodine, which can be
present individually or bonded together in their chemically
stable combinations. Inorganic radicals have 10 or fewer, or
preferably one to six or one to four inorganic atoms as listed
above bonded together. Examples of inorganic radicals
include, but not limited to, amino, hydroxy, halogens, nitro,
thiol, sulfate, phosphate, and like commonly known inor-
ganic radicals. The inorganic radicals do not have bonded
therein the metallic elements of the periodic table (such as the
alkali metals, alkaline earth metals, transition metals, lan-
thanide metals, or actinide metals), although such metal ions
can sometimes serve as a pharmaceutically acceptable cation
for anionic inorganic radicals such as a sulfate, phosphate, or
like anionic inorganic radical. Inorganic radicals do not com-
prise metalloids elements such as boron, aluminum, gallium,
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germanium, arsenic, tin, lead, or tellurium, or the noble gas
elements, unless otherwise specifically indicated elsewhere
herein.

[0141] Compounds described herein can contain one or
more double bonds and, thus, potentially give rise to cis/trans
(E/Z) isomers, as well as other conformational isomers.
Unless stated to the contrary, the invention includes all such
possible isomers, as well as mixtures of such isomers.

[0142] Unless stated to the contrary, a formula with chemi-
cal bonds shown only as solid lines and not as wedges or
dashed lines contemplates each possible isomer, e.g., each
enantiomer and diastereomer, and a mixture of isomers, such
as a racemic or scalemic mixture. Compounds described
herein can contain one or more asymmetric centers and, thus,
potentially give rise to diastereomers and optical isomers.
Unless stated to the contrary, the present invention includes
all such possible diastereomers as well as their racemic mix-
tures, their substantially pure resolved enantiomers, all pos-
sible geometric isomers, and pharmaceutically acceptable
salts thereof. Mixtures of stereoisomers, as well as isolated
specific stereoisomers, are also included. During the course
of'the synthetic procedures used to prepare such compounds,
or in using racemization or epimerization procedures known
to those skilled in the art, the products of such procedures can
be a mixture of stereoisomers.

[0143] Disclosed are the components to be used to prepare
the compositions of the invention as well as the compositions
themselves to be used within the methods disclosed herein.
These and other materials are disclosed herein, and it is under-
stood that when combinations, subsets, interactions, groups,
etc. of these materials are disclosed that while specific refer-
ence of each various individual and collective combinations
and permutation of these compounds can not be explicitly
disclosed, each is specifically contemplated and described
herein. For example, if a particular compound is disclosed
and discussed and a number of modifications that can be made
to a number of molecules including the compounds are dis-
cussed, specifically contemplated is each and every combi-
nation and permutation of the compound and the modifica-
tions that are possible unless specifically indicated to the
contrary. Thus, if a class of molecules A, B, and C are dis-
closed as well as a class of molecules D, E, and F and an
example of a combination molecule, A-D is disclosed, then
even if each is not individually recited each is individually
and collectively contemplated meaning combinations, A-E,
A-F, B-D, B-E, B-F, C-D, C-E, and C-F are considered dis-
closed. Likewise, any subset or combination of these is also
disclosed. Thus, for example, the sub-group of A-E, B-F, and
C-E would be considered disclosed. This concept applies to
all aspects of this application including, but not limited to,
steps in methods of making and using the compositions of the
invention. Thus, if there are a variety of additional steps that
can be performed itis understood that each of these additional
steps can be performed with any specific embodiment or
combination of embodiments of the methods of the invention.

[0144] It is understood that the compositions disclosed
herein have certain functions. Disclosed herein are certain
structural requirements for performing the disclosed func-
tions, and it is understood that there are a variety of structures
that can perform the same function that are related to the
disclosed structures, and that these structures will typically
achieve the same result.
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B. Dendrimeric Compounds

[0145] Dendrimers can be ideal building blocks for bio-
medical applications, because of their precise architecture,
high loading capacity, tunable solubility, immunogenicity,
and bioconjugation capability. [Gillies, E.R.; Fréchet, J. M. J.
Drug Discov. Today 2005, 10,35.; Lee, C. C.; MacKay, J. A.;
Fréchet, J. M. ].; Szoka, F. C. Nat. Biotechnol. 2005, 23,
1517.]The combination of the unique properties of dendrim-
ers with membrane-permeable guanidino groups canlead to a
more efficient-synthesis of membrane-permeable carrier
molecules possessing high efficiency, for example, for bulk
production.

[0146] The compounds ofthe invention are desirably based
upon a compact, high branching multiplicity dendrimer, for
example, the classic Newkome-type dendrimer. [Newkome,
G. R.; Behera, R. K.; Moorefield, C. N.; Baker, G. R. J. Org.
Chem. 1991, 56, 7162.] Newkome type dendrimers are typi-
cally 1—3 C-branched polyamide macromolecules, built
from “Behera’s Amine” monomer or its derivatives, and can
be attached to a variety of starting cores, surfaces, and poly-
mers.

[0147] It is also understood that the compounds of the
invention can be tailored to enhance accumulation in specific
sublocations of cells, such as the nucleus, the cytosol, or the
mitochondria. Tailoring can be the selection of chemical moi-
eties or groups having an affinity for a targeted subcellular
region of a cell, for example an organelle, and the function-
alization of the compounds with the selected chemical moi-
eties or groups. Such tailoring of the compound structure can
be accomplished using organic synthetic methodology know
to those of skill in the art.

[0148] In one aspect, the invention relates to compounds
comprising the structure:

and at least one guanidinium residue, wherein m is zero or a
positive integer. In certain aspects, mcan be 0,1, 2,3, 4, 5, or
6 and each residue can be substituted or unsubstituted. In a
further aspect, m is 1.

[0149] In one aspect, the invention relates to compounds
comprising the structure:

R7
R3 RS N~
Rl\ /C N )l\ /R7 >
) " R
R? 0 R’ R* H R

whereinn and o are, independently, zero or a positive integer;
wherein R' and R? are, independently, hydrogen, oxygen,
alkyl, acyl, thioacyl, or carbonyl; wherein R> is hydrogen,
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alkyloxycarbonyl, or alkyl; R* is hydrogen, or alkyloxycar-
bonyl; wherein R® and RS are, independently, hydrogen, or
alkyl; and wherein R” is hydrogen or alkyloxycarbonyl.

[0150] Ina further aspect, the compounds can comprise the
structure:
N—R’
\ 4</
0] /-)—/ N R’
N Ay
R3
1 RrR3
A p k
N /
/ oY
R R’
o/ R4 H
N H
0 - SN—R’
N
/ <\
R* N—R’

wherein n is an integer from 1 to 9; wherein R' and R? are,
independently, hydrogen, oxygen, nitrogen, alkyl, acyl,
thioacyl, carbonyl, or amine; wherein R is hydrogen or alkyl;
and wherein R* is hydrogen, or alkyloxycarbonyl, alkyl, or
acyl. In certain aspects, ncan be 0, 1, 2,3, 4, 5,6, 7,8, or 9.
In a further aspect, n is 1 or 5. In a further aspect, R* can be
hydrogen or alkyloxycarbonyl. In a further aspect, R? is Boc,
for example, t-Boc.

[0151]
ture:

In one aspect, the compound comprises the struc-
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wherein n is an integer from 1 to 9; wherein R* and R? are,
independently, hydrogen, amino, hydroxyl, alkyl, alkoxyl,
acyl, carbonyl, or thioacyl; wherein R? is hydrogen or alkyl;
and wherein R* is hydrogen, or alkyloxycarbonyl.

C. Methods of Making Dendrimeric Compounds

[0152]
method to prepare a G-1 dendrimer scaffold with nine end
functionalities. Although the Newkome type dendrimer is
well known, one ofthe drawbacks for a broader application of
conventional methods is the elaborate synthesis of the mono-
mer. In contrast, the “Behera’s amine” gives the most com-

The disclosed methods typically employ a divergent

pact, low molecular weight polyamide dendrimer possible;
achieving the necessary nine end functionalities in just one
generation of dendritic growth. As set forth below and in the
Experimental section, following synthesis of the monomer
through improved hydrogenation and work-up procedures,
the G-1 dendritic nona-acid scaffold can be prepared in high
yields (see FIGS. 6A and 6B).

[0153] In order to introduce the guanidinium groups to the
dendrimer exterior as shown in FIG. 20, the nine carboxylic
acid groups were first converted into nine protected amine
groups, by reaction with, for example, N-Boc ethylendiamine
and N-Boc-1,6-diaminehexane through amide coupling reac-
tions. After removal of the protecting groups, the nine free
amines can be reacted with a guandinylating reagent [Feich-
tinger, K.; Sings, H. L.; Baker, T. J.; Matthews, K.; Goodman,
M. J. Org. Chem. 1998, 63, 8432.] to give a guanidinylated
dendritic scaffold in high yield.

[0154] For uptake evaluation and imaging function, a fluo-
rophore can be conjugated to the focal point of the molecular
transporter. The attachment of a fluorescein isothiocyanate
(FITC) moiety to the guanidinylated scaffold can be achieved
with a reduction of the nitro group at the focal point to an
amino group via hydrogenation at room temperature in quan-
titative yields, followed by direct reaction with FITC to form
the Boc-protected FITC-labeled guanidino-dendrimer. After
deprotection of the Boc-protected guanidine groups, FITC-
labeled dendritic molecules can be obtained and further puri-
fied by dialysis or HPLC.
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[0155] In one aspect, the invention relates to methods of
preparing compounds having the structure:
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0
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~N \7
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wherein n is an integer from 1 to 9, wherein R? is hydrogen or
alkyl, wherein R* and R” are, independently, hydrogen, alky-
loxycarbonyl, alkyl, or acyl; wherein R” is hydrogen, alkyl, or
acyl; wherein Y comprises a nitro group, an amine group, an
amide group, azide group, or an alkyloxycarbonyl protected
amine group or a derivative thereof, the method comprising
the steps of providing a first compound comprising the struc-
ture:
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X
0
% X
0
0
X

wherein X comprises OH, halogen, or OC(O)-alkyl; coupling
the first compound with at least about three molar equivalents
of'a second compound comprising the structure:

G'Q
0
1
LN 0G!,
0
0
Glo

wherein G' is an ester-protecting group; removing the ester-
protecting group; reacting the product of step (c) with at least
about three molar equivalents of a third compound compris-
ing the structure:

H n N

wherein G* is an amine-protecting group; removing the
amine-protecting group; and functionalizing the product of
step (e) with at least three molar equivalents of a guanidine-
providing agent.

[0156] In a further aspect, the guanidine-providing agent
comprises at least one of N,N'-diBoc-N"-triflylguanidine,
N,N'-diCbz-N"-triflylguanidine, N,N'-dialloc-N"-trifly-
Iguanidine, N,N'-ditroc-N"-triflylguanidine, 1,3-diboc-2-(2-
hydroxyethyl)guanidine, = N,N'-diBoc-1H-pyrazole-1-car-
boxamidine, N,N'-diCbz-1H-pyrazole-1-carboxamidine,
1H-pyrazole-1-carboxamidine hydrochloride, 1,3-diboc-2-
(2-hydroxyethyl)guanidine, = 2-(2-aminoethyl)-1,3-diboc-
guandine, or 1,3-diboc-2-(carboxymethyl)guanidine

[0157] Ina further aspect, the method further comprises the
step of transforming Y into an amine to provide a compound
comprising the structure:
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[0158] Ina further aspect, the method further comprises the
step of removing R”. The removing step can be, for example,
treatment with one or more reagents known to those of skill in
the art for removing protecting groups.

[0159] In one aspect, the providing step comprises synthe-
sis of the starting materials.

[0160] Each starting material can be obtained commer-
cially and/or prepared by those of skill in the art from com-
mercially available compounds. For example, the nitroester
shown below can be prepared using methodology from
Newkone, G. R.; Behera, R. K.; Moorefield, C. N.; Baker, G.
R.; J. Org. Chem. 1991, 56, 7162:

Jun. 6, 2013

O O\K
o]

[0161] In a further aspect, the ester-protecting group com-
prises methyl, ethyl, or t-butyl.

[0162] Ina furtheraspect, the amine-protecting group com-
prises a butyloxycarbonyl group, a trifluoroacyl group, a
9-fluorenylmethyloxycarbonyl group, an alloc group, or a
carbobenzyloxy group.

[0163] Ina furtheraspect, the method further comprises the
step of acylating the amine with a compound comprising the
structure:

o 0
O s
r
0 ~N
- 0
s

wherein o and p are, independently, zero or a positive integer.
In a yet further aspect, the method further comprises the step
of reacting the product of the acylating step with a payload
compound comprising at least one amine group and at least
one of a luminescent group, a biologically active group, or a
pharmaceutically active group.

[0164] Ina further aspect, the method further comprises the
step of acylating the amine with a fourth compound compris-
ing the structure:

wherein o and p are, independently, zero or a positive integer,
and wherein G* is an thiol-protecting group.
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[0165] In a further aspect, the thiol protecting group com-
prises the structure:

and

wherein the fourth compound comprises the structure:

7 0

x | /\A
N S—S X

P

[0166] In a further aspect, the thiol-protecting group com-
prises the structure:

0N

[0167] Ina further aspect, the method further comprises the
step of removing the thiol-protecting group, thereby provid-
ing a deprotected thiol. In a yet further aspect, the method
further comprises the step of attaching the deprotected thiol to
a thiol-functionalized payload. In a still further aspect, the
thiol-functionalized payload comprises at least one of a lumi-
nescent group, a biologically-active group, or a pharmaceu-
tically-active group.
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D. Compositions

[0168] In one aspect, the invention relates to compositions
comprising one or more compounds of the invention or one or
more products of the methods of the invention.

[0169] 1. Intracellular Delivery Compositions

[0170] In one aspect, the invention relates to intracellular
delivery compositions comprising the general structure P-L.-
B-F, wherein P is payload moiety; wherein L is a linking
moiety comprising the structure:

wherein o and p are, independently, zero or a positive integer;
wherein B is a branching moiety comprising the structure:

and

wherein F is a functional moiety comprising at least one
guanidinium residue. In a further aspect, p is an integer from
0to 6, forexample, 0, 1, 2,3, 4, 5, or 6. In a further aspect, the
composition comprises at least six guanidinium residues, at
least seven guanidinium residues, at least eight guanidinium
residues, or at least nine guanidinium residues.

[0171] In one aspect, L-B-F comprises the structure:
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wherein n is an integer from 1 to 9; wherein R? is hydrogen or
alkyl; wherein R* is hydrogen, alkyl or acyl; and wherein R”
is hydrogen, alkyl or acyl.

[0172] Inafurtheraspect, P-L-B-F comprises the structure:
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wherein n is an integer from 1 to 9; wherein R? is hydrogen or
alkyl; wherein R* is hydrogen, alkyl or acyl; wherein R” is
hydrogen, alkyl or acyl; and wherein R® comprises the struc-
ture:
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[0173]

[0174] Typically, the compounds of the invention can be
functionalized to carry a payload. In various aspects, a pay-
load compound can be attached or associated with a com-
pound of the invention by covalent bonding, by ionic bond-
ing, by coordination bonding, or by hydrogen bonding. In
further aspects, a payload compound can be associated with a
compound of the invention by hydrophilic interactions or
hydrophobic interactions. In certain aspects, a payload com-
pound is part of a compound of the invention, while in certain
further aspects, payload compound is a separate compound
from of a compound of the invention.

[0175] Inone aspect, the payload moiety bears a thiol moi-
ety. In a further aspect, the payload moiety is a luminescent
group. For example, the luminescent group can comprise the
structure:

a. Payloads
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[0176] In certain aspects, the luminescent group is selected
from a dansyl group, a coumarin group, an FITC group, a
DOTA group, a catechol group, or a DPTA group. DOTA,
catechol, and/or DPTA groups can be used for complexing,
for example, lanthanides. Catechol can be used for complex-
ing, for example, quantum dots, lanthanides, metals (such as
iron or copper (e.g., radioactive Cu)), ironoxides, metal
oxides, and/or platinum (e.g., cis-platinum).

[0177] In a further aspect, the payload moiety is a biologi-
cally-active group. For example, the biologically-active
group can be selected from one or more of an oligonucleotide,
a plasmid DNA, a protein, an immunoglobulin, an antisense
oligoDNA, a peptide nucleic acid (PNA), or a peptide. For
example, in various aspects, the biologically-active group can
comprise one or more of §-galactosidase, horseradish peroxi-
dase, RNase, anti-apoptotic proteins Bcl-X(L)/PEA-15, cata-
lase, green fluorescence protein, heat shock protein 70,

COOH

18
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human glutamate dehydrogenase, ovalbumin, neuropto-
tectant Bel-xL, E2 protein, phosphorothioate antisense oligo-
nucleotides, anti-tetanus F(ab'),, G protein, pl6™5*e,
caspase-3, pl4™¥¥* p27%P! Bak BH3 domain peptide,
c¢GPK-Ia inhibitory peptide, IKK C-terminal peptide, PKA
inhibitory peptide, MEK 1 N-terminal peptide, luciferin,
RhoA, APO-BEC-1, Cre recombinase, H-Ras, Filmin-1, p16,
HPC-1/syntaxin, Cdk2, E2f-1/p73/p53, influenza virus, anti-
bodies, single chain antibodies, si-RNA, RNA derivatives,
peptide 46, peptide 15, peptides that influence the imunre-
sponse, mitochondrial DNA, bacteria, birdflu virus, and/or
bacteria.

[0178] In afurther aspect, the payload moiety is a pharma-
ceutically-active group. For example, the pharmaceutically-
active group is selected from a small molecular weight drug,
a silica nanoparticle, a metal nanoparticle, a protein, a pep-
tide, alinear polymer backbone, a hydrogel, a collapsed nano-
particle, a dendrimers, or a hyperbranched polymeric struc-
ture. For example, in various aspects, the pharmaceutically-
active group can comprise one or more of superparamagnetic
iron oxide particles, doxorubicin, methotrexate, liposome,
multiple sclerosis agents, cis-platinum, paclitaxel, hormones,
antioxidants, antimicrobials, antibacterial agents, antidepres-
sants, sedatives, antihypertensive drugs, antibodies, a carbo-
hydrate-based drug, cardioprotective EPKC agonist peptide,
Fab fragments of the anti-melanoma antibody NRML-05,
pan-carcinoma antibody NRLU-10, anti-CEA immunotoxin,
liposome drugs, bromonidine, fusogenic, dendritic cell vac-
cines, VHL tumor suppressor peptide, HER-2, Pro-apotoxic
Smac peptide, viralcapsids, and/or bacteria.

[0179] A doxorubicin biocongujate, for example, can be
synthesized by the scheme shown below:
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[0180] In a still further aspect, the payload is an antibody,
an intrabody, DNA, RNA, siRNA, among other biologically
significant conjugates. For example, an antibody can be
attached to the core of a disclosed dendrimer, through dis-
closed methods. Such compositions can be used to treat viral
related disorders, such as, for example, HIV or influenza,
among others. A specific example of an antibody suitable for
use with the disclosed dendimers is an 1gG antibody.

[0181] A disclosed dendrimer can also be attached to a
protein is associated with a number of disorders, including
cancer. For example, a disclosed protein-dendrimer can con-
jugate can be used to treat a cancer. An example is a p53
(tumor suppressor protein) dendrimer conjugate which can be
capable of restoration of a mutant p53 transcriptional activity,
to trigger apoptosis and stop tumor progression through the
cytoplasm. A further example is a dendrimer-Huntingtin
(protein responsible of Huntington’s disease) conjugate
which can aid in the inhibition of aberrant protein aggregation
in a cellular model of Huntington’s disease, by targeting
huntingtin to the nucleus, through the action of the dendritic
molecular transporter.

[0182] Further examples of conjugates that can be used in
combination with the disclosed dendritic transporters include
M and N intrabodies for RSV, RV6-26 Fab Rotavirus, Tat
(HIV-1-transcription activator) for the inhibition of viral rep-
lication by sequestering Tat in the cytoplasm.

[0183]

[0184] In one aspect, the invention relates to methods of
intracellular delivery comprising administering an effective
amount of one or more compounds of the invention or one or
more compositions of the invention to a subject. In one aspect,
The subject is a mammal, for example, a human. In a further
aspect, the subject is a cell. The delivery can be, for example,
oral, transmucosal, rectal, or subcutaneous administration or,
for example, intravenous, intrathecal, intramuscular, intrana-
sal, intraperitonel, or intraocular injection.

[0185]

[0186] A pharmaceutical composition comprising a thera-
peutically effective amount of one or more compounds of the
invention or one or more compositions of the invention and a
pharmaceutically acceptable carrier for administration in a
mammal, for example, a human. The compositions can be, for
example, granules, powders, tablets, or capsules.

[0187]

[0188] The specific therapeutically effective dose level for
any particular patient will depend upon a variety of factors
including the compound or composition being administered;
the disorder being treated and the severity of the disorder; the
specific composition employed; the age, body weight, gen-
eral health, sex and diet of the patient; the time of adminis-
tration; the route of administration; the rate of excretion of the
specific compound employed; the duration of the treatment;
drugs used in combination or coincidental with the specific
compound employed and like factors well known in the medi-
cal arts. If desired, the effective daily dose can be divided into
multiple doses for purposes of administration. Consequently,
single dose compositions can contain such amounts or sub-
multiples thereof to make up the daily dose. The dosage can
be adjusted by the individual physician in the event of any
contraindications. Dosage can vary, and can be administered
in one or more dose administrations daily, for one or several
days.

b. Intracellular Delivery

2. Pharmaceutical Compositions

a. Dosage
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[0189] b. Carriers

[0190] A “pharmaceutically acceptable carrier” refers to
sterile aqueous or nonaqueous solutions, dispersions, suspen-
sions or emulsions, as well as sterile powders for reconstitu-
tion into sterile injectable solutions or dispersions just prior to
use. Examples of suitable aqueous and nonaqueous carriers,
diluents, solvents or vehicles include water, ethanol, polyols
(such as glycerol, propylene glycol, polyethylene glycol and
the like), carboxymethylcellulose and suitable mixtures
thereof, vegetable oils (such as olive oil) and injectable
organic esters such as ethyl oleate. Proper fluidity may be
maintained, for example, by the use of coating materials such
as lecithin, by the maintenance of the required particle size in
the case of dispersions and by the use of surfactants. These
compositions may also contain adjuvants such as preserva-
tives, wetting agents, emulsifying agents, and dispersing
agents. Prevention of the action of microorganisms may be
ensured by the inclusion of various antibacterial and antifun-
gal agents such as paraben, chlorobutanol, phenol, sorbic
acid, and the like. It can also be desirable to include isotonic
agents such as sugars, sodium chloride, and the like. Pro-
longed absorption of the injectable pharmaceutical form may
be brought about by the inclusion of agents, such as alumi-
num monostearate and gelatin, which delay absorption.
Injectable depot forms are made by forming microencapsule
matrices of the drug in biodegradable polymers such as poly-
lactide-polyglycolide, poly(orthoesters) and poly(anhy-
drides). Depending upon the ratio of drug to polymer and the
nature of the particular polymer employed, the rate of drug
release can be controlled. Depot injectable formulations are
also prepared by entrapping the drug in liposomes or micro-
emulsions which are compatible with body tissues. The
injectable formulations may be sterilized, for example, by
filtration through a bacterial-retaining filter or by incorporat-
ing sterilizing agents in the form of sterile solid compositions
which can be dissolved or dispersed in sterile water or other
sterile injectable media just prior to use. Suitable inert carriers
can include sugars such as lactose. Desirably, at least 95% by
weight of the particles of the active ingredient have an effec-
tive particle size in the range of 0.01 to 10 micrometers.

E. Synthesis and Characterization of “Bow-Tie”
Dendritic Molecular Transporters by Orthogonal and
Click Approach

[0191] Disclosed is the synthesis and characterization of
“Bow-Tie” dendritic architectures with orthogonally reactive
groups, defined composition and functionality, which can be
used as multi-drug carries for specific intracellular delivery.
Huisgen cycloadditions or so called “click” reactions have
been shown to be extremely versatile tools for advanced
macromolecular design. However, little attempt has been
made to utilize this approach to prepare multifunctional den-
dritic structures. In the disclosed approach, two orthogonal
protected dendritic structures are combined by utilizing the
“click” reaction. This strategy allows the controlled depro-
tection of the trifluoro protecting group to selectively attach
the dithiopyridylpropionic acid the periphery of the macro-
molecule. In a further step, the BOC groups of the second
dendritic scaffolds are deprotected to be guanydilated to the
ethyl- or hexyl linker of the system. The bow-tie structure is
the first of its kind that consists of a molecular transporter part
and drug delivery entity on the other. The chemistry applied
for the construction is high-yielding and, thus, gives the bow-
tie delivery structure in the most straightforward approach. In
this fashion, nine drug molecules, for example peptides,
genes and oligonucleotides can be transported across cellular
membranes.
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[0192] Synthetic Pathway of Acid-Labile Azide-Linker-
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[0193] Synthetic Pathway for Base-Labile Alkyne-Linker-
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B15

[0194] Bifunctional Bow-Tie Synthesis by Click Reaction:
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[0195] Further Functionalization for Synthesis of Cell-Per-
meable Multi-Drug Carrier Conjugates:
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[0196] In one aspect, the invention relates to compounds wherein each n is independently selected from 0-8. That is, L
comprising the structure: can comprise the reaction product of a “click” reaction.

[0198] In a further aspect, the compound can comprise a
structure

R{‘ N—R’
v~
N—R’
(@] n /
N H
\
R7
Ri R? I\|I/
N R,
M\N\)\ III/
wherein each m is independently zero or a positive integer, O /R3 R* H
and wherein L is a linking moiety comprising optionally N -
substituted alkyl, optionally substituted alkoxyl, optionally J T ) R’
substituted heteroalkyl, or optionally substituted heteroaryl. n
[0197] In a further aspect, L. comprises a structure: /N_<\N .
R* -

wherein n is an integer from 1 to 9; wherein R? is hydrogen or

# - 7 N/\ygj\*, alkyl; wherein R* is hydrogen, or alkyloxycarbonyl, alkyl, or
/ acyl; and wherein R” is hydrogen or alkyloxycarbonyl.
N=N
[0199] In ayet further aspect, the compound can comprise
the structure:

N—R’
N—R’
HN
(@] R’
N/
\L/ N/ ,
0 H
0
HN
N—R’

N—R’
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wherein n is an integer from 1 to 9; wherein R? is hydrogen or
alkyl; wherein R* is hydrogen, or alkyloxycarbonyl, alkyl, or
acyl; and wherein R” 1s hydrogen or alkyloxycarbonyl.
[0200] Inastill further aspect, the compound can comprise
the structure:

K (@]
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wherein n is an integer from 1 to 9; wherein R? is hydrogen or
alkyl; wherein R* is hydrogen, or alkyloxycarbonyl, alkyl, or
acyl; and wherein R is hydrogen or alkyloxycarbonyl.
[0201] In an even further aspect, the compound can com-
prise the structure:

0
0 o .
R{‘ N—R’
o) /—)—/ /N—R7
" B
NH N N . 7
0 0 0 0 R
/\(\4)‘\ ’ Y il
H H
* N N TN N "N N N | R,
H / n N N
N=N / I
0 0 o] o R’ R* H
o) o) 0 /
N H
NH HN N
o \\-)—\ N—R’
*
PR
R* N—R’
O *
0



US 2013/0142733 Al

Jun. 6, 2013

35
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wherein each n is independently an integer from O to 9;
wherein R? is hydrogen or alkyl; wherein R* is hydrogen, or
alkyloxycarbonyl, alkyl, or acyl; and wherein R” is hydrogen
or alkyloxycarbonyl.

[0202] It is demonstrated that the disclosed transporter
(e.g., FD-2, hexyl linker) shows selectivity towards the mito-
chondria of a cell. (see FIG. 33) The PD-1 shows selectivity
towards the cell nucleus (see FIG. 32). A common obstacle in
macromolecular drug delivery is the cellular uptake into cell
compartments that do not release the drug delivery vector into
the cytosol or mitochondria in which the drug becomes effec-
tive. Most other delivery pathways into the cell end up in the
lysosome and do not get released (endocytosis). The thera-
peutic efficacy of drug molecules typically depends on its
ability to reach desired target tissues, cells and intracellular
organelles.

[0203] The mitochondria play a key role in apoptosis (can-
cer therapy), familial amyotrophic lateral sclerosis (ALS,
Lou Gehrig’s disease), Leber hereditary optic neuropathy
(LHON), lactic acidosis, strokelike syndrome (MELAS)
Huntington’s disease, and Alzheimer’s disease, Kearns-
Sayre Syndrome (KSS), myoclonic epilepsy, ragged-red
fibers (MERRF), cluster of metabolic diseases (SyndromeX),
progressive external ophthalmophlegia (PEO) and antioxi-
dants. By targeting the mitochondria, the disclosed com-
pounds, compositions, and methods can play a role in therapy
or prevention of disease processes relating to mitochondria
function.

[0204] When the disclosed transporter is attached to the
disclosed nanoparticle, it can enter the cell and also can
achieve localization in the entire cell, including the mitochon-
dria. The nanoparticle allows delivering a high drug load and,
thus, can facilitate delivery of small and other molecules,
such as peptides, nucleotides and such. The structures can be
further modified with amines to allow complexation with
plasmic DNA and covalent attachment s though covalent
approaches. (See FIGS. 34-39).

[0205] A nanoparticle with a number of molecular trans-
porter moieties conjugated to the periphery crosses the plas-
mic membrane and localizes in the cytosol and, particularly,
in the mitochondria of the cells. Techniques are disclosed that
allow the attachment of the molecular transporter the scaf-
folds that increase the drug load significantly. Attachment to
the “bow-tie” structure and/or the attachment to nanoparticles
from intramolecular chain collapse techniques also increase
the drug load significantly.

[0206] The dendritic transporter allows the conjugation of
nine bioactive conjugates and the drug load is increased nine

4
R \ R
H >¢N\ R’
7
/N N R
N \ H—
\ R’ N7
R’ R

fold by attaching a dendric molecule to the focal point of the
dendritic molecular transporter (bow-tie). A well-defined
macromolecule is designed, that is “clicked” together in a
Huisgen type reaction. The deprotection of the basic/acidic
protecting groups allows the modification to a delivery sys-
tem with a short ethyl linker or hexyl linker before guanidy-
lation to maintain uptake into specific subcellular locations.
The disulfide linker is only one of the examples of a linker
chemistry attached to the drug part of the bow-tie structure.
All other linkers presented can be applied as well.

[0207] The drug load can be increased nine-fold by attach-
ing a dendric molecule to the focal point of the dendritic
molecular transporter (bow-tie). A well-defined macromol-
ecule is designed, that is “clicked” together in a Huisgen type
reaction. The deprotection of the basic/acidic protecting
groups allows the modification to a delivery system with a
short ethyl linker or hexyl linker before guanidylation to
maintain uptake into specific subcellular locations.

[0208] Here, the drug load can be increased to a theoretical
amount of 100-300 positions to conjugate small molecule
drugs, peptides, oligonucleotides and more. The functional-
ization of the particle with a varied amount of amines allows
together with the attachment of transporter allows the devel-
opment of a gene delivery system. A “drug” can also be
conjugated though a disulfide bond in a covalent conjugation
approach. For example, proteins can be delivered. (See FIGS.
47, 48, 50, and 51).

F. Crosslinked Degradable Polymeric Nanoparticles

[0209] Traditional polyester nanoparticle delivery systems
are typically self-assembled from linear polyesters chains
driven by the polarity of the solvent, emulsion composition
and addition techniques. These procedures predetermine the
drug loading during nanoparticle formation and limit post-
modification chemistries in organic and aqueous solutions.
Furthermore, the result of this self-assembly process is mir-
rored in the morphology and degradation properties of the
release systems. It has been recognized that the degradation
behavior of the nanoparticles and release profile of the
entrapped drug molecules are factors to establish predictable
pharmacokinetic profiles in effective multidrug cancer thera-
pies. So far, release kinetics are challenged by a rapid release
of'the drug molecules in the first 24-48 h followed by a slower
release, referred to as a “burst-effect.” These release profiles
typically prevent the establishment of reliable dosages and
contribute to developing multidrug resistance, often times the
result of non-optimized drug concentrations at tumor sites.
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[0210] In contrast, actively targeted drug delivery carriers
can entrap high concentrations of hydrophobic therapeutics
and maintain a linear release profile, which can be tuned to the
demands of the tumor type as a result of the adjustable
supramolecular architecture accomplished through an inter-
molecular cross-linking technique. The disclosed methods of
preparing polyester particles utilize a controlled cross-linking
mechanism of linear polyester precursors that contain pen-
dant functional groups as one of the cross-linking units with
a difunctionalized linker that acts as the second cross-linking
partner. To achieve control over a series of different nanopar-
ticle size dimensions, the amount of the difunctionalized
linker is added in a series of varying equivalencies to the
pendant functionalities of the linear polyester precursor.
Nanoparticles can be produced, depending on the linker
amount present in the reaction, with unique sizes and standard
deviations of only 10%. These “nano-networks,” depending
on their nanoparticle size and cross-linking density, influence
their crystallinity, but the particles are amorphous at the tem-
perature of use (37° C.). To determine if the amorphous
properties of poly(valerolactoneepoxyvalerolactone), poly
(vl-evl) particles have a positive effect on the degradation
behavior, a series of degradation studies in buffer at pH 7.4 at
37° C. were performed, investigating particles from a com-
pleted series of linear precursors and increasing amounts of
difunctionalized cross-linkers with controlled nanoscopic
dimensions (FIG. 1).

[0211] Degradation of the particles was monitored by the
change of the absolute molecular weight, as determined
through static light scattering (SLS). Linear degradation pro-
files were observed for all particles investigated, with the
highest loss of molecular weight for the 725 nm nanoparticle
with 17.5% of its total molecular mass remaining after 10
days. Smaller particles with a slightly higher degree of crys-
tallinity of 20.6% were degraded to 26% of the original
molecular weight. The observed linear degradation kinetics
are a parameter that determines the quality of the developed
particles towards applications as controlled release systems.

[0212] The capacity to encapsulate small molecule drugs,
such as paclitaxel (taxol), can also be evaluated. Traditional
polyester particles, produced with salting-out or nanoprecipi-
tation methods, typically do not exceed a drug loading over
5% that is facilitated during nanoparticle formation. How-
ever, the disclosed nanoparticles consist of crosslinked
supramolecular structures that are readily soluble in organic
solvents without affecting the 3-D architecture. This property
provides the opportunity to load the particles after formation
by dissolving the particles in dimethyl sulfoxide (DMSO)
together with cancer therapeutics, such as paclitaxel (taxol),
and precipitating into water.

[0213] Determination of drug loading capacity was per-
formed with particles of 53 nm in diameter from linear pre-
cursors, poly(-valerolactone-epoxyvalerolactone-allylvale-
rolactone-oxepanedione), poly(vl-evl-avl-opd), containing
11% epoxide and crosslinked with 2 equivalents of diamines
per epoxide (FIG. 3). In preparation for in vivo experiments,
the encapsulation method was designed to also increase the
homogenity of the particle dispersion in water for a practical
administration of the drug loaded particles by injection. An
emulsification process with vitamin E TPGS (D-a-tocopherol
polyethylene glycol 1000 succinate) was used, which
achieves a homogenous dispersion of the loaded or un-loaded
particles in water or buffer. The resulting particles are ana-
lyzed by UV-Vis with a NanoDrop Spectrophotometer at 254
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nm, and along with a calibration curve, the drug loading with
paclitaxel was found to be 15.7% for an aimed 20% drug load
and 11.3% for a 15% drug load, respectively. With this pro-
cess, it is not only possible to load therapeutic drug molecules
to a higher degree into prepared nanoparticles, but it is also
possible to solubilize hydrophobic cancer therapeutics in
aqueous solutions.

[0214] Side effects known to be caused by adjuvant agents,
such as Cremophor EL (50:50 ethanol-polyoxyethylated cas-
tor oil) to solubilize hydrophobic drug molecules for intrave-
nous injections, can be avoided. To ensure that no cellular
toxicity is caused by the vitamin E TPGS formulated particles
prior to drug loading, the cell viability was assessed by uti-
lizing a MTT assay (FIG. 2). The cellular toxicity was deter-
mined by incubating Hel a cells with varying concentrations
of particles in triplicate ranging from 5 mg/ml to 0.001
mg/ml. Following 24 h of incubation with particles, cell
viability was assessed. As seen in FIG. 2, the nanoparticles
did not cause significant cytotoxicity against the Hel.a cell
line. The experimental TC50 value for the formulated par-
ticles was found to be 1.0 mg/ml. Moreover, emulsification
had an effect on the degradation profile and was found to
correlate with the in vitro release studies. Over the period of
16 days, the particles experienced a low controlled degrada-
tion, as seen by the linear degradation profile, finishing with
70% of its original molecular weight remaining (FIG. 3).
Without wishing to be bound by theory, it is believed that the
slower degradation rate can be attributed to the well-defined
structure of the nanoparticle and the vitamin E TPGS that
remains at the surface to stabilize the particles. Consequently,
this gradual constant degradation profile of the particles is a
desirable feature, as it translates into the controlled and sus-
tained release of therapeutics.

[0215] The paclitaxel release kinetics from vitamin E
TPGS formulated nanoparticles were assessed by monitoring
the cumulative release of taxol at37° C. in DPBS atpH 7.4. At
particular time intervals, the samples were centrifuged, and
the supernatant was taken for analysis of paclitaxel concen-
tration by NanoDrop spectrophotometry (254 nm). FIG. 4
depicts the cumulative release of paclitaxel from the particles.
The profile shows a collective release of 4.4% and 7.4% taxol
in the first 2 and 6 h respectively, followed by a slow and
sustained release over 60 days, which again confirmed the
efficient encapsulation of paclitaxel within the cross-linked
nanoparticles. Without wishing to be bound by theory, it is
believed that the initial instant release of paclitaxel in the first
several hours is due to the dissolution or diffusion of the drug
that was absorbed onto the nanoparticle surface, while the
linear slow continuous release is attributed to the diffusion of
the drug encapsulated in the nanoparticle during degradation.
In contrast, traditional poly(lactic-co-glycolic acid) (PLGA)
nanoparticles experience an erratic nonlinear drug release,
that includes a “burst-effect” in which about 40% of taxol is
released in the first day, followed by a fast release of about
10-30% in the next 2-5 days and then finally a slow release till
no paxlitaxel (taxol) remains. In is noteworthy that the release
kinetics can be adjusted to faster or slower release, governed
by the density of cross-linking and the particle size.

[0216] In preparation for in vivo studies, in which the par-
ticle sizes can play an role in the interaction with the tumor
vasculature, the influence of formulation and encapsulation
of small molecule drugs to the diameter of the nanoparticles
was evaluated. It was found that based on the 3-D crosslinked
network structure, the size dimension slightly changes from
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53 nm to 57 nm and indicates the conformity of the 3-D
network structure upon encapsulation, as seen by transmis-
sion electron microscopy (TEM), (FIG. 5), with 2-8 times
more drug incorporated compared to traditional polyester
nanoparticle systems. Drug release profiles for conventional
polyester based nanoparticle systems, compared to the dis-
closed nanoparticle systems, are shown in FIG. 8.

[0217] Thus, the disclosed nanoparticle synthesis pathways
allow for the introduction of functional groups, such as
alkyne, allyl or keto functionalities, that are not affected by
the cross-linking reactions and nanoparticle formation. In
particular, thiol-ene “click” reactions allow for the conjuga-
tion of peptides with integrated cysteines added to the
sequence near the N-terminus. Such mild reaction conditions
do not require the addition of radical starters and use slightly
elevated temperatures of 37° C. To synthesize the drug deliv-
ery systems, the linear poly(vl-evl-avl-opd) precursor was
prepared, which was cross-linked with 2 equivalents of
diamines per epoxide to form a nanoparticle of 53 nm in size.
The remaining allyl groups were then functionalized with
peptides to target radiated and nonradiated tumor vasculature,
such as the reported peptides with recognition units
HVGGSSV and cRGD, respectively (FIG. 6). The bioconju-
gates were analyzed via NMR, DLS and SLS and were then
loaded with paclitaxel and formulated with vitamin E. Using
UV-Vis, the loading capacity was found to be 11%, aiming for
a 15% drug load.

[0218] It can also be demonstrated that the linear release
kinetics are in fact adjustable. With decreasing cross-linking
density, the drug molecule is released at a higher rate. By
decreasing the cross-linking density (~50%), from 7% to 2%,
the release rate increased by around 50%. These data point
indicate that a 15% cross-linking can decrease the release by
another 50% with 140 days for 100% release and would
afford a very slow release rate. To afford a faster release of the
drug molecule than the 2% cross-liking, a longer cross-linker
(MW 2003) can be used to prepare a particle with a wider
network architecture for an even faster release profile. With a
7% cross-linking density, 40% of the drug is released in 6
days. It is understood that with the decrease of the cross-
linking density to 2%, the release can be increased to 3 days
(40%). This is represented schematically in FIG. 9.

[0219] 1. Polymers

[0220] It is understood that the disclosed polymers can be
used in connection with the disclosed nanoparticles and dis-
closed methods. Unless stated to the contrary, the disclosed
structures can be used in connection with the disclosed meth-
ods, the disclosed polymers, and the disclosed nanoparticles.
[0221] a. Epdxide-Functionalized Polymers

[0222] In one aspect, the invention relates to a polymer
comprising at least one monomer residue having an option-
ally substituted structure represented by a formula:
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wherein Z is O or NR, wherein R is H or C1 to C6 alkyl;
wherein m is an integer from 0 to 6; wherein n is an integer
from 0 to 2; and wherein the monomer residue comprises less
than about 10% by weight of the monomer residue of halogen
selected from chlorine, bromine, and iodine. In further
aspects, the monomer residue can comprise less than about
8%, less than about 5%, less than about 4%, less than about
3%, less than about 2%, or less than about 1% of halogen
selected from chlorine, bromine, and iodine, by weight of the
monomer residue.

[0223] In afurther aspect, an epoxide-functionalized poly-
mer can further comprise at least one monomer residue
selected from a propargyl-functionalized monomer residue
having an optionally substituted structure represented by a
formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein m' is an integer from O to 6, and wherein n' is an
integer from O to 2; a monomer residue having an optionally
substituted structure represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n?is an integer from 0 to 2; and a keto-functionalized
monomer residue having an optionally substituted structure
represented by a formula:

o

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2.

[0224] In one aspect, Z is O. That is, the polymer residue
can be a polyester residue. In a further aspect, the polymer is
a polyester. In a further aspect, the polymer is a co-polyester.

[0225] Inafurtheraspect, the Zis NR, whereinR is Hor C1
to C6 alkyl. In one aspect, the polymer residue can be a
polyamide residue. In a further aspect, the polymer is a polya-
mide. In a further aspect, the polymer is a co-polyamide. The
alkyl can be optionally further substituted. R can be C1 to C6,
C21t0C6,C1t0C5,C2t0C5,C1t0 C4,C2t0C4,C1,C2,C3,
C4, C5, or C6 alkyl.
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[0226] In one aspect, the polymer comprises at least one
monomer residue having an optionally substituted structure
represented by a formula:

Y

RE OH

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl;
wherein Y is O, S, or NR, wherein R is H or C1 to C6 alkyl;
wherein R” is selected from optionally substituted alkyl and
optionally substituted alkoxylene; wherein m is an integer
from O to 6; and wherein n is an integer from 0 to 2.

[0227] Inafurther aspect, the polymer further comprises at
least one monomer residue selected from a propargyl-func-
tionalized monomer residue having an optionally substituted
structure represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein m' is an integer from O to 6, and wherein n' is an
integer from O to 2; a monomer residue having an optionally
substituted structure represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n? is an integer from 0 to 2; and a keto-functionalized
monomer residue having an optionally substituted structure
represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2.

Jun. 6, 2013

[0228] In a further aspect, the polymer comprises an
optionally substituted structure represented by a formula:

* 5

wherein m and m' are independently integers from O to 6;
wherein n and n' are independently integers from 0 to 2; and
wherein Z and 7' are independently O or NR, wherein R is H
orC1 to C6 alkyl; whereinY andY" are independently O, S, or
NR, wherein R is H or C1 to C6 alkyl; and wherein R” is
selected from optionally substituted alkyl and optionally sub-
stituted alkoxylene.

[0229] In various aspects, m can be an integer from 0 to 6,
from 1 to 6, from O to 5, from 1 to 5, from O to 4, from 1 to 4,
from O to 3, from 1 to 3, from O to 2, from 1 to0 2,0, 1, 2, 3, 4,
5, or 6. In various aspects, m' can be an integer from 0 to 6,
from 1 to 6, from O to 5, from 1 to 5, from O to 4, from 1 to 4,
from O to 3, from 1 to 3, from O to 2, from 1 to0 2,0, 1, 2, 3, 4,
5, or 6. In various aspects, m' can be an integer from 0 to 6,
from 1 to 6, from O to 5, from 1 to 5, from O to 4, from 1 to 4,
from O to 3, from 1 to 3, from O to 2, from 1 to0 2,0, 1, 2, 3, 4,
5,o0r6.

[0230] In various aspects, n can be an integer from 0 to 2,
from1to 2, from0to 1,0, 1, or 2. In various aspects, n' can be
an integer from 0 to 2, from 1t0 2, from 0t0 1,0, 1, 0r 2. In
various aspects, n' can be an integer from 0 to 2, from 1 to 2,
fromOto 1,0, 1, or 2. In various aspects, n* can be an integer
from O to 2, from 1 to 2, from O to 1, 0, 1, or 2. In various
aspects, n° can be an integer from 0 to 2, from 1 to 2, from 0
t01,0,1,0r 2.

[0231] R canbe selected from optionally substituted alkyl
and optionally substituted alkoxylene. Suitable alkyls include
divalent organic radicals selected from ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, decyl, dodecyl, hexadecyl, and
higher alkyl. Suitable alkoxylene include divalent organic
radicals selected from groups having a structure represented
by a formula:

%, L
WOMOM 2
1w 12

Further suitable alkoxylene include divalent organic radicals
selected from groups having a structure represented by a
formula:



US 2013/0142733 Al

* *k
\/\OMO‘]/\/ or
1o 12
O *
N \L/\ ON
lio12

Further suitable alkoxylene include a divalent organic radical
having a structure represented by a formula:

e N N N e N

which can be derived from 2,2-(ethylenedioxy)bis(ethy-
lamine).

[0232] The polymers and copolymers typically have a
number average molecular weight (Mn) of from about 3500-
4800 Daltons with a narrow polydispersity of from about 1.17
to about 1.27. It is understood that the molecular weight can
be higher or lower and that one of skill in the art can readily
manipulate reaction conditions to achieve a different desired
molecular weight.

[0233]

[0234] In one aspect, a polymer can be a multifunctional
polymer. That is, the polymer comprises monomer residues
selected from two or more of an epoxide-functionalized
monomer residue having an optionally substituted structure
represented by a formula:

b. Multifunctional Polymers

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl;
wherein m is an integer from 0 to 6; wherein n is an integer
from 0 to 2; and a propargyl-functionalized monomer residue
having an optionally substituted structure represented by a
formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein m' is an integer from O to 6, and wherein n' is an
integer from O to 2; and a keto-functionalized monomer resi-
due having an optionally substituted structure represented by
a formula:

39
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wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2.

[0235] Inone aspect, the epoxide-functionalized monomer
residue is present and comprises less than about 10% by
weight of the monomer residue of halogen selected from
chlorine, bromine, and iodine. In further aspects, the mono-
mer residue can comprise less than about 8%, less than about
5%, less than about 4%, less than about 3%, less than about
2%, or less than about 1% of halogen selected from chlorine,
bromine, and iodine, by weight of the monomer residue.
[0236] Ina further aspect, the polymer further comprises at
least one monomer residue having an optionally substituted
structure represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2.
[0237] In one aspect, a polymer comprises at least one
monomer residue having an optionally substituted structure
represented by a formula:

(€]

)m

Y

Il{L OH

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein Y is O, S, or NR, wherein R is H or C1 to C6 alkyl,
wherein R” is selected from optionally substituted alkyl and
optionally substituted alkoxylene, wherein m is an integer
from O to 6, and wherein n is an integer from O to 2; and one
or more of:

a propargyl-functionalized monomer residue having an
optionally substituted structure represented by a formula:
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wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein m' is an integer from O to 6, and wherein n' is an
integer from 0 to 2; and

a keto-functionalized monomer residue having an optionally
substituted structure represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2. In a further aspect, the
polymer further comprises at least one monomer residue hav-
ing an optionally substituted structure represented by a for-
mula:

)J\/\(\ﬁ/\ *
* 2 Z/

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n is an integer from 0 to 2. In one aspect, the at least
one monomer residue has an optionally substituted structure
represented by a formula:

* 5

)m

wherein m and m' are independently integers from O to 6;
wherein n and n' are independently integers from 0 to 2; and
wherein Z and 7' are independently O or NR, wherein R is H
or C1 to C6 alkyl; whereinY and Y' are independently O, S, or
NR, wherein R is H or C1 to C6 alkyl; and wherein R” is
selected from optionally substituted alkyl and optionally sub-
stituted alkoxylene.

Jun. 6, 2013

[0238] In one aspect, at least one monomer residue has an
optionally substituted structure represented by a formula:

e}

wherein m and m"" are independently integers from O to 6;
whereinn and n’ are independently integers from 0 to 2; and
wherein Z and 7' are independently O or NR, wherein R is H
or C1 to C6 alkyl; whereinY is O, S, or NR, wherein R is H
or C1 to C6 alkyl; and wherein R” is selected from optionally
substituted alkyl and optionally substituted alkoxylene.
[0239] In various aspects, m can be an integer from 0 to 6,
from 1 to 6, from O to 5, from 1 to 5, from O to 4, from 1 to 4,
from O to 3, from 1 to 3, from O to 2, from 1 to0 2,0, 1, 2, 3, 4,
5, or 6. In various aspects, m' can be an integer from 0 to 6,
from 1 to 6, from O to 5, from 1 to 5, from O to 4, from 1 to 4,
from O to 3, from 1 to 3, from O to 2, from 1 to0 2,0, 1, 2, 3, 4,
5, or 6. In various aspects, m' can be an integer from 0 to 6,
from 1 to 6, from O to 5, from 1 to 5, from O to 4, from 1 to 4,
from 0 to 3, from 1 to 3, from O to 2, from 1 to0 2,0, 1, 2, 3, 4,
5, or 6. In various aspects, m' can be an integer from 0 to 6,
from 1 to 6, from O to 5, from 1 to 5, from O to 4, from 1 to 4,
from O to 3, from 1 to 3, from O to 2, from 1 to0 2,0, 1, 2, 3, 4,
5,o0r6.

[0240] In various aspects, n can be an integer from 0 to 2,
from1to 2, from0to 1,0, 1, or 2. In various aspects, n' can be
an integer from 0 to 2, from 1t0 2, from 0t0 1,0, 1, 0r 2. In
various aspects, n' can be an integer from 0 to 2, from 1 to 2,
from O to 1,0, 1, or 2. In various aspects, n* can be an integer
from O to 2, from 1 to 2, from O to 1, 0, 1, or 2. In various
aspects, n° can be an integer from 0 to 2, from 1 to 2, from 0
to 1,0, 1, or 2. In various aspects, n° can be an integer from 0
to 2, from 1to 2, fromO0to 1,0, 1, or 2.

[0241] R” canbe selected from optionally substituted alkyl
and optionally substituted alkoxylene. Suitable alkyls include
divalent organic radicals selected from ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, decyl, dodecyl, hexadecyl, and
higher alkyl. Suitable alkoxylene include divalent organic
radicals selected from groups having a structure represented
by a formula:

* *
WOMOM >
liw 12
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Further suitable alkoxylene include divalent organic radicals
selected from groups having a structure represented by a
formula:

* *
\/\ or
OMO’]/\/
lio12
/\/O\[\/\ /]/\/* .
* Ol

Further suitable alkoxylene include a divalent organic radical
having a structure represented by a formula:

N W e S Y N

which can be derived from 2,2-(ethylenedioxy)bis(ethy-
lamine) or 2,2-(ethylenedioxy)bis(ethylazide).

[0242] In one aspect, a polymer can comprise at least one
monomer residue having an optionally substituted structure
represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein R” is selected from optionally substituted alkyl and
optionally substituted alkoxylene, wherein m' is an integer
from O to 6, and wherein n’ is an integer from 0 to 2; and one
or more of:

an epoxide-functionalized monomer residue having an
optionally substituted structure represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl;
wherein m is an integer from 0 to 6; wherein n is an integer
from O to 2; and
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a keto-functionalized monomer residue having an optionally
substituted structure represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2. In a further aspect, the
epoxide-functionalized monomer residue is present and com-
prises less than about 10% by weight of the monomer residue
of'halogen selected from chlorine, bromine, and iodine.

[0243] Inone aspect, the polymer further comprises at least
one monomer residue having an optionally substituted struc-
ture represented by a formula:

*
*)WZ/

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2.

[0244] Inafurther aspect, at least one monomer residue has
an optionally substituted structure represented by a formula:

wherein m' and m'" are independently integers from O to 6;
whereinn' and n'' are independently integers from 0 to 2; and
wherein Z and 7' are independently O or NR, wherein R is H
or C1 to C6 alkyl; and wherein R” is selected from optionally
substituted alkyl and optionally substituted alkoxylene.



US 2013/0142733 Al

[0245] In one aspect, at least one monomer residue has an
optionally substituted structure represented by a formula:

wherein m' and m' are independently integers from O to 6;
whereinn' and n' are independently integers from 0 to 2; and
wherein Z and 7' are independently O or NR, wherein R is H
or C1 to C6 alkyl; and whereinY' is O, S, or NR, wherein R is
H or C1 to C6 alkyl; wherein R” is selected from optionally
substituted alkyl and optionally substituted alkoxylene.

[0246]

[0247] It is understood that the disclosed nanoparticles can
be used in connection with the disclosed polymers and dis-
closed methods. Unless stated to the contrary, the disclosed
structures can be used in connection with the disclosed meth-
ods, the disclosed polymers, and the disclosed nanoparticles.

[0248] In one aspect, the invention relates to a degradable
polymeric nanoparticle comprising at least one monomer
residue having an optionally substituted structure represented
by a formula:

2. Nanoparticles
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wherein m and m' are independently integers from O to 6;
wherein n and n' are independently integers from 0 to 2; and
wherein Z and 7' are independently O or NR, wherein R is H
orC1 to C6 alkyl; whereinY andY" are independently O, S, or
NR, wherein R is H or C1 to C6 alkyl; and wherein R is
selected from optionally substituted alkyl and optionally sub-
stituted alkoxylene, wherein the nanoparticle has a particle
size of from about 5 nm to about 850 nm.

[0249] In one aspect, the nanoparticle further comprises at
least one monomer residue selected from a propargyl-func-
tionalized monomer residue having an optionally substituted
structure represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein m' is an integer from O to 6, and wherein n' is an
integer from 0 to 2; a keto-functionalized monomer residue
having an optionally substituted structure represented by a
formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2; and a monomer residue
having an optionally substituted structure represented by a
formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n? is an integer from O to 2. In a further aspect, Z and
7' are O.

[0250] In one aspect, the nanoparticle further comprises at
least one epoxide-functionalized monomer residue having an
optionally substituted structure represented by a formula:
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[0251] In a further aspect, the nanoparticle further com-
prises at least one functionalized monomer residue having an
optionally substituted structure represented by a formula:

R! OH

wherein X is OH, SH, NH,, or NHR, wherein R is H or C1 to
C6 alkyl; and wherein R" is an optionally substituted organic
radical comprising 1 to 24 carbon atoms.

[0252] Ina further aspect, R is further substituted with at
least one biologically active agent, at least one pharmaceuti-
cally active agent, and/or at least one imaging moiety.

[0253] In one aspect, the nanoparticle further comprises at
least one nucleophile-functionalized monomer residue hav-
ing an optionally substituted structure represented by a for-
mula:

0
pa
% " Z
)m
1
RE OH
v~
I
H

[0254] In a further aspect, the nanoparticle further com-
prises at least one functionalized monomer residue having an
optionally substituted structure represented by a formula:

0
3
P T Z/
)m
v
|L
R oH
v~
[
Rl

wherein R' is an optionally substituted organic radical com-
prising 1 to 24 carbon atoms.
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[0255] Ina further aspect, R is further substituted with at
least one biologically active agent, at least one pharmaceuti-
cally active agent, and/or at least one imaging moiety.

[0256] In one aspect, the invention relates to a degradable
polymeric nanoparticle comprising at least one monomer
residue having an optionally substituted structure represented
by a formula:

wherein m' and m"’ are independently integers from 0 to 6;
whereinn' and n'’ are independently integers from O to 2; and
wherein Z and 7' are independently O or NR, wherein R is H
or C1 to C6 alkyl; and wherein R” is selected from optionally
substituted alkyl and optionally substituted alkoxylene,
wherein the nanoparticle has a particle size of from about 5
nm to about 850 nm.

[0257] In a further aspect, the nanoparticle further com-
prises at least one monomer residue selected from: an
epoxide-functionalized monomer residue having an option-
ally substituted structure represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl;
wherein m is an integer from 0 to 6; wherein n is an integer
from Oto 2; a keto-functionalized monomer residue having an
optionally substituted structure represented by a formula:
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wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from O to 2; and a monomer residue
having an optionally substituted structure represented by a
formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n is an integer from 0 to 2. In a further aspect, Z and
7' are O.

[0258] In a further aspect, the nanoparticle further com-
prises at least one propargyl-functionalized monomer residue
having an optionally substituted structure represented by a

formula:
(€]
* 1 Z/ .
)ml
[0259] In a further aspect, the nanoparticle further com-

prises at least one functionalized monomer residue having an
optionally substituted structure represented by a formula:

(€]
* 11 Z/ .
)ml
NN
\
N—N
\

Rr!

wherein R' is an optionally substituted organic radical com-
prising 1 to 24 carbon atoms. In a further aspect, R* is further
substituted with at least one biologically active agent, at least
one pharmaceutically active agent, and/or at least one imag-
ing moiety.

[0260] In a further aspect, the nanoparticle further com-
prises at least one azide-functionalized monomer residue
having an optionally substituted structure represented by a
formula:
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(€]
. “ Z/* .
)ml
S
\
N—N
\

RL
\
N3
[0261] In a further aspect, the nanoparticle further com-

prises at least one functionalized monomer residue having an
optionally substituted structure represented by a formula:

O
* nl Z/*
)ml
N
\
N—N
\
RL
\
N—N
\
\ N

wherein R” is an optionally substituted organic radical com-
prising 1 to 24 carbon atoms. In a further aspect, R* is further
substituted with at least one biologically active agent, at least
one pharmaceutically active agent, and/or at least one imag-
ing moiety.

[0262] In one aspect, the invention relates to crosslinked
degradable nanoparticles having a polyester backbone and
one or more crosslinks having a structure selected from:

N ~ j:

N N H
\ |
N—N ; and ]r s
P,}’JJJ it N
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wherein L is a divalent alkyl chain or alkyloxyalkyl chain.
[0263] In a further aspect, the one or more crosslinks are
produced by a nucleophilic epoxide ring opening reaction. In
a further aspect, the one or more crosslinks are produced by a
reductive amination reaction. In a further aspect, the one or
more crosslinks are produced by an azide alkyne cycloaddi-
tion.

[0264] In a further aspect, the nanoparticle further com-
prises one or more biologically active agents or pharmaceu-
tically active agents.

[0265] In a further aspect, the nanoparticle is produced by
crosslinking a polymer comprising at least one monomer
residue having an optionally substituted structure represented
by a formula:

)m

O

wherein m is an integer from Oto 6, and wherein n is an integer
from Oto 2; or at least one propargyl-functionalized monomer
residue having an optionally substituted structure represented
by a formula:

wherein m' is an integer from O to 6, and wherein n' is an
integer from 0 to 2; or at least one monomer residue having an
optionally substituted structure represented by a formula:

wherein n” is an integer from 0 to 2; or at least one keto-
functionalized monomer residue having an optionally substi-
tuted structure represented by a formula:

wherein n® is an integer from 0 to 2.
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[0266] In one aspect, the invention relates to compositions
comprising a degradable polyester nanoparticle and, encap-
sulated therein, a biologically active agent, a pharmaceuti-
cally active agent, or an imaging agent. In a further aspect, the
biologically active agent is encapsulated within the nanopar-
ticle. In a further aspect, the pharmaceutically active agent is
encapsulated within the nanoparticle. In a further aspect, the
imaging agent is encapsulated within the nanoparticle.
[0267] In a further aspect, the degradable polyester nano-
particle comprises a crosslinked degradable nanoparticle
having a polyester backbone and one or more crosslinks
having a structure selected from:

Y or

wherein L is a divalent alkyl chain or alkyloxyalkyl chain.

G. Preparation Methods

[0268] It is understood that the disclosed methods can be
used in connection with the disclosed polymers and disclosed
nanoparticles. Unless stated to the contrary, the disclosed
structures can be used in connection with the disclosed meth-
ods, the disclosed polymers, and the disclosed nanoparticles.
[0269] 1. Methods of Making Polymer

[0270] To address the deficiencies of conventional nano-
particle compositions and methods, the availability of novel
functional polyesters that allow orthogonal modification
approaches was addressed. Additionally, controlled chain
cross-linking strategies for obtaining distinct nanoparticles in
a variety of nanoscopic dimensions are disclosed. In contrast
to investigating emulsification-solvent techniques [Hans, M.
L.; Lowman, A. M. Curr. Opin. Solid State Mater. Sci. 2002,
6, 319-327.] or emulsion diffusion methods [Kallinteri, P.;
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Higgins, S.; Hutcheon, G. A.; St. Pourcain, C. B.; Garnett, M.
C. Biomacromolecules 2005, 6, 1885-1894.] that need sur-
factants or salts, the disclosed methods and compositions
involve controlled cross-linking techniques.

[0271] A clean and non-toxic cross-linking entity can be
provided from epoxide groups that react with dinucleophiles
(e.g., diamines) to form alkane —OFT groups. While this
crosslinking unit has been employed to form acrylate based
microparticles [Burke, S. K.; Slatopolsky, E. A.; Goldberg, D.
1., Nephrol. Dial. Transplant. 1997, 12, (8), 1640-1644.], it
has been never investigated in the formation of degradable
nanoparticles due to the lack of suitable linear precursors.
[0272] The epoxide entity for the formation of discrete
cross-linked nanoparticles can be integrated by polymeriza-
tion of a low molecular weight linear copolymer, Ab, with
pendant allyl groups. See FIG. 10. Pendant allyl groups rep-
resent valuable intermediates to many functional groups and
can be incorporated into the polymer backbone by copoly-
merizing a-allyl-d-valerolactone, (b), and commercially
available §-valerolactone, (A), via ring-opening polymeriza-
tion (ROP). [Parrish, B.; Quansah, J. K.; Emrick, T. J. Polym.
Sci. Part A: Polym. Chem. 2002, 40, 1983-1990.] Upon copo-
lymerization, the pendant allyl groups can be oxidized by a
Baeyer-Villiger oxidation with meta-chloroperbenzoic acid
(m-CPBA) to convert the double bonds to epoxide rings,
which then became a coupling group in the preparation of the
nanoparticles. [(a) Mecerreyes, D.; Miller, R. D.; Hedrick, J.
L.; Detrembleur, C.; JérSme, R. J. Polym. Sci. Part A: Polym.
Chem. 2000, 38, 870-875. (b) Latere, J. P.; Lecomte, P;
Dubois, P.; Jérdme, R. Macromolecules 2002, 35, 7857-
78591 To introduce additional functional groups into the
nanoparticle, additional monomers can be synthesized, for
example a-propargyl-d-valerolactone, (C), and 2-oxepane-1,
5-dione, (D). These monomers can then be individually copo-
lymerized with (B) and d-valerolactone, (A), in a similar
manner as Ab, to give rise to linear polyesters with additional
propargyl or keto functionalities respectively. To increase the
number of functionalities that allow orthogonal modification
approaches, (C) and (D) were copolymerized together with
(b) and d-valerolactone (A), as summarized in FIG. 10. The
copolymers were typically obtained in molecular weight
ranges of 3500-4800 Da with narrow polydispersities of 1.17-
1.27.

[0273] In one aspect, the invention relates to a method of
preparing a polymer comprising the step of copolymerizing a
mixture of two or more of an alkene-functionalized monomer
providing a residue having an optionally substituted structure
represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl;
wherein m is an integer from 0 to 6; wherein n is an integer
from 0 to 2; a propargyl-functionalized monomer providing a
residue having an optionally substituted structure represented
by a formula:
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wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein m' is an integer from O to 6, and wherein n' is an
integer from O to 2; and a keto-functionalized monomer pro-
viding a residue having an optionally substituted structure
represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2.

[0274] In afurther aspect, the mixture further comprises at
least one monomer providing a residue having an optionally
substituted structure represented by a formula:

L)
*)W\Z/

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2.

[0275] Inoneaspect, the alkene-functionalized monomeris
present and the method further comprises the step of oxidiz-
ing the resultant polymer to provide an epoxide-functional-
ized monomer residue having an optionally substituted struc-
ture represented by a formula:

[0276] Ina further aspect, the alkene-functionalized mono-
mer is present and has an optionally substituted structure
represented by a formula:



47

US 2013/0142733 Al
(6] (€]
[0277] In a further aspect, the propargyl-functionalized

monomer is present and has an optionally substituted struc-
ture represented by a formula:

[0278] In a further aspect, the keto-functionalized mono-
mer is present and has an optionally substituted structure
represented by a formula:

0 0
Z 0
() or .
0 0

[0279] Inafurther aspect, the monomer providing a residue
having an optionally substituted structure represented by a

formula:
. )W\z/

has an optionally substituted structure represented by a for-

mula:
o] 0
éz Or é}
2
[0280] In one aspect, the invention relates to a method of

preparing an epoxide-functionalized polymer comprising the
step of oxidizing a polymer having at least one monomer
residue having an optionally substituted structure represented
by a formula:
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wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein m is an integer from Oto 6, and wherein nis an integer
from O to 2.

[0281] Ina further aspect, the polymer further comprises at
least one monomer residue selected from:

*
X
N

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein m' is an integer from O to 6, and wherein n' is an
integer from 0 to 2;

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein n” is an integer from O to 2; and

wherein n® is an integer from 0 to 2.

[0282] Inafurtheraspect, at least one monomer residue has
an optionally substituted structure represented by a formula:
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wherein m is an integer from Oto 6, and wherein n is an integer
from 0 to 2. For example, in one aspect, m is 1, and n is O,
providing an optionally substituted structure represented by a
formula:

[0283] Ina further aspect, the epoxide-functionalized poly-
mer has an optionally substituted structure represented by a
formula:

O
[0284] 2. Methods of Crosslinking
[0285] In one aspect, the invention relates to a method of

crosslinking a polymer comprising the step of reacting a
polymer comprising at least one monomer residue selected
from an epoxide-functionalized monomer residue having an
optionally substituted structure represented by a formula:

O

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl;
wherein m is an integer from 0 to 6; wherein n is an integer
from 0 to 2; and a propargyl-functionalized monomer residue
having an optionally substituted structure represented by a
formula:
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wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein m' is an integer from O to 6, and wherein n' is an
integer from 0 to 2; with a cross-linker having a structure
represented by a formula X—R*—X', wherein X and X' are
independently N5, OH, SH, NH,, or NHR, wherein R is H or
C1 to C6 alkyl, and wherein R is selected from optionally
substituted alkyl and optionally substituted alkoxylene.

[0286] In one aspect, the linker groups can be bis-nucleo-
philic (e.g., diamine) compounds derived from alkylene
oxides (e.g., diamino poly(ethylene oxides)) and/or alkyls
(e.g., 1,8-diaminooctane; Jeffamines) and their derivatives.

[0287] In a further aspect, the linker groups can be thiols.
For example, the dinucleophile can have a structure X—RE—
X', wherein X and X' are each SH, wherein R is H or C1 to C6
alkyl, and wherein R” is selected from optionally substituted
alkyl, optionally substituted alkoxylene, and optionally sub-
stituted esters.

[0288] Thiols suitable for crosslinking include mono- and
di-thiol analogues of compounds derived from alkylene
oxides (e.g., diamino poly(ethylene oxides)) and/or alkyls
(e.g., 1,8-diaminooctane; Jeffamines) and their derivatives.
Other suitable dithiols for cross-linking include:

s NS \H/\)‘\ AN

P S N

\/\L( T\/

[0289] An example crosslinking reaction, and example
product thereof, is shown below:
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-continued

[0290] Inone aspect, the cross-linker reacts with two poly-
mer strands. In a further aspect, X—R*—X' reacts with two
epoxide-functionalized monomer residues. In a further
aspect, X—R*—X' reacts with two propargyl-functionalized
monomer residues. In a further aspect, X—R*—X' reacts
with one epoxide-functionalized monomer residue and one
propargyl-functionalized monomer residue. In a further
aspect, X—X'. In a further aspect, X—X'—NH,. In a further
aspect, RY comprises two or more residues of ethylene oxide
or trimethylene oxide. In a further aspect, X—R*—X' is
2,2-(ethylenedioxy)bis(ethylamine). In a further aspect,
X—X"—N,.

[0291] In one aspect, the polymer comprises at least one
monomer residue having an optionally substituted structure
represented by a formula:

and wherein X—X'—NH,,. In one aspect, the polymer and the
crosslinker are reacted in a ratio of about 1:1 (polymer:cross-
linker). In a further aspect, the polymer and the crosslinker are
reacted in a ratio of about >1:1 (polymer:cross-linker) to
provide a polymer with excess epoxide-functionalization. In
a further aspect, the polymer and the crosslinker are reacted in
a ratio of about <1:1 (polymer:cross-linker) to provide a
polymer with excess amino-functionalization.

[0292] In one aspect, the polymer comprises at least one
monomer residue having an optionally substituted structure
represented by a formula:
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and wherein X—X'—N. In a further aspect, the polymer and
the crosslinker are reacted in a ratio of about 1:1 (polymer:
cross-linker). In a further aspect, the polymer and the
crosslinker are reacted in a ratio of about >1:1 (polymer:
cross-linker) to provide a polymer with excess alkyne-func-
tionalization. In a further aspect, the polymer and the
crosslinker are reacted in a ratio of about <1:1 (polymer:
cross-linker) to provide a polymer with excess azide-func-
tionalization.

[0293] In a further aspect, the polymer further comprises a
keto-functionalized monomer providing a residue having an
optionally substituted structure represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2.

[0294] Ina further aspect, the polymer further comprises at
least one monomer providing a residue having an optionally
substituted structure represented by a formula:
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wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2.

[0295]

[0296] In one aspect, the invention relates to a method of
functionalizing a polymer comprising the step of reacting an
epoxide-functionalized monomer residue having an option-
ally substituted structure represented by a formula:

3. Methods of Functionalizing Polymers

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl;
wherein m is an integer from 0 to 6; wherein n is an integer
from 0 to 2; with a nucleophile having a structure represented
by a formula X—R!, wherein X is OH, SH, NH,, or NHR,
wherein R is H or C1 to C6 alkyl; and wherein R' is an
optionally substituted organic radical comprising 1 to 24
carbon atoms.

[0297] Organic radicals suitable for use as R* include sub-
stituted or unsubstituted monovalent organic radicals selected
from ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, decyl,
dodecyl, hexadecyl, and higher alkyl. The alkyl can be linear
or branched and can be cyclic or acyclic. In a further aspect,
R! can comprise an optionally substituted alkoxylene. Suit-
able alkoxylene include substituted or unsubstituted monova-
lent organic radicals selected from groups having a structure
represented by a formula:

* R3
S NNt
O0to4

wherein R> comprises C1 to C6 alkyl.

[0298] In a further aspect, R is further substituted with at
least one biologically active agent, at least one pharmaceuti-
cally active agent, and/or at least one imaging moiety, thus
providing a convenient method for functionalizing the poly-
mer with one or more biologically active agents, pharmaceu-
tically active agents, and/or imaging moieties via a nucleo-
philic substitution reaction. That is, R* can comprise at least
one biologically active agent, at least one pharmaceutically
active agent, and/or at least one imaging moiety. In a further
aspect, R can comprise a portion of the at least one biologi-
cally active agent, at least one pharmaceutically active agent,
and/or at least one imaging moiety. In a further aspect, R' can
be covalently bonded to at least one biologically active agent,
at least one pharmaceutically active agent, and/or at least one
imaging moiety.
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[0299] In one aspect, the invention relates to a method of
functionalizing a polymer comprising the step of reacting a
propargyl-functionalized monomer residue having an option-
ally substituted structure represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein m' is an integer from O to 6, and wherein n' is an
integer from 0 to 2; with an azide having a structure repre-
sented by a formula N,—R', wherein R' is an optionally
substituted organic radical comprising 1 to 24 carbon atoms.
In a further aspect, R* is further substituted with at least one
biologically active agent, at least one pharmaceutically active
agent, and/or at least one imaging moiety.

[0300] In one aspect, the invention relates to a method of
functionalizing a polymer comprising the steps of reacting a
keto-functionalized monomer providing a residue having an
optionally substituted structure represented by a formula:

® 73 N

>

¢}

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2; with an amine having a
structure represented by a formula H,N—R", wherein R! is
an optionally substituted organic radical comprising 1 to 24
carbon atoms; and reducing the resulting imine. In a further
aspect, the reacting step and the reducing step are performed
simultaneously. In a further aspect, R! is further substituted
with at least one biologically active agent, at least one phar-
maceutically active agent, and/or at least one imaging moiety.
[0301] In one aspect, the invention relates to a method of
functionalizing a polymer comprising the step of reacting a
nucleophile-functionalized monomer residue having an
optionally substituted structure represented by a formula:

O
o
* " Z
)m

Y

|L

R OH

~

T,
H
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wherein Z is O or NR, wherein R is H or C1 to C6 alkyl;
wherein m is an integer from O to 6;

[0302] whereinn is an integer from 0to 2; whereinY and Y’
are independently O, S, or NR, wherein R is H or C1 to C6
alkyl; and wherein R” is selected from optionally substituted
alkyl and optionally substituted alkoxylene; with an electro-
phile having a structure represented by a formula E-R*,
wherein E is an electrophilic moiety; and wherein R' is an
optionally substituted organic radical comprising 1 to 24
carbon atoms.

[0303] In a further aspect, Y' is NH, or NHR. In a further
aspect, wherein Y—Y". In a further aspect, the electrophilic
moiety is selected from alkyl halide, alkyl pseudohalide, and
carboxyl derivative. In a further aspect, R! is further substi-
tuted with at least one biologically active agent, at least one
pharmaceutically active agent, and/or at least one imaging
moiety.

[0304] 4. Methods of Making Nanoparticles

[0305] The formation of nanoparticles in controlled size
dimensions can proceed from linear polymers containing
pendant epoxide groups which crosslink with 2,2'-(ethylene-
dioxy)bis(ethylamine). To evaluate the particle formation
under controlled conditions, reactions in which the equiva-
lents of diamine cross-linker were linearly increased with
respect to the reactive epoxide groups of the polymers were
studied.

[0306] To achieve a high degree of cross-linking between
the individual polyester chains, the polymer solution with the
pendant expoxide entities can be added in a dropwise fashion
to a refluxing solution of different equivalents of dinucleo-
phile (e.g., diamine) in dichloromethane. In this strategy, the
difunctional amine is in high excess during the addition (13
ml./min) of the linear polymer solution (0.5 M) and thus
provides optimum cross-linking reactions (Table 1; particle
size reported in nm diameter by dynamic light scattering
(DLS) in relation to varying amine ratios).

TABLE 1

Nanoparticle Size Dimensions (nm)

Diameter (nm) Diameter (nm) Diameter (nm)

Amine/  Poly(vl-evl) Poly(vl-evl-opd) Poly(vl-evl-pvl)
1 Epoxide AB ABD ABC

1 30.71 £ 2.21 34.29 £ 3.22 21.40 £2.90

2 58.06 £ 6.20 63.46 = 7.68 41.70 £5.36

3 82.1+5.73 1183 £ 13.6 1149 £8.9

4 115.6 £25.4 164.9 = 65.7 148.3 £25.2

5 255.7 £ 60.3 292.7+ 80.3 186.1 £37.5

6 342.2£52.2 341.0 £ 86.6 2539414

8 425.1 = 100 525.0 £ 100 472.1 £103.1

10 725.1 £ 943 800.0£ 135 675.0 £126.1

Amine/  Diameter (nm) Mw,RI M,,
1 Epoxide AB, nanoparticles®  (g/mol) ® PDI” (kg/mol)?

1 30.71 £ 2.21 3403 1.16 60.5 3.5
2 58.06 £ 6.20 3445 1.16 81.5+ 4.6
3 82.61 +5.73 3544 1.17 96.1 £4.9
4 115.6 £ 12.5 3860 1.18 112 +6
5 255.7£26.9 4005 1.18 187 =8
6 342.2£42.2 4267 1.21 222 =11
8 425.1 £ 44.6 4470 1.21 328 =15

10 725.1 £ 943 4887 1.22 525 =28

[0307] The first trial was employed with polymer (AB) and

implemented 1 to 10 equivalents of amine functionalities to
the pendant epoxide cross-linking entity. The resulting par-
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ticles were characterized by transmission electron micros-
copy (TEM) that provides the actual size, and by dynamic
light scattering (DLS), to obtain the hydrodynamic diameter
as a representative measure of the particle under physiologi-
cal conditions. Micrographs of representative nanoparticles
are shown in FIG. 11. It is also contemplated that reaction
stoichiometry can be selected to utilize in excess of ten (10)
equivalents, thereby providing microparticles, materials for
us in tissue engineering and biogels in biomedical applica-
tions and devices.

[0308] As illustrated in FIG. 12, the particle size increase
with a polynominal trend as the equivalents of amine rises.
For example, two equivalents of amine yielded 58 nm par-
ticles, and five equivalents produced particles with 255 nm
dimensions (Table 1). Synthesized linear polymers contain-
ing additional functionalities (ABC and ABD) were found to
respond in the same way to the controlled intermolecular
chain crosslinking conditions, as with polymer (AB) from the
original trial, and well-defined nanoparticles were obtained
(Table 1). As shown in FIG. 13, characterization of the par-
ticles with "H NMR confirmed the nanoparticle formation for
each trial with an increase of signals at 3.5 and 2.89 ppm
corresponding to protons neighboring the secondary amine of
the polyethylene glycol (PEG)-linker after successful
crosslinking event. In particular, a shift in resonance from
2.86 to 2.89 ppm was observed due to the change of the
primary amine to the secondary amine after cross-linking. As
a consequence, the continuous increase in amine cross-linker
equivalents not only extends the particle size, but it also
introduces additional amine functionalities connected to
short PEG linker that are available for further modification
strategies.

[0309] In one aspect, the invention relates to a method of
preparing a degradable nanoparticle comprising the step of
adding a polymer comprising at least one monomer residue
having a structure represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein m is an integer from Oto 6, and wherein nis an integer
from 0 to 2; to a solution of from about 1 to about 10 molar
equivalents of a dinucleophile (nucleophilic moiety:epoxide
functionality) having a structure X—R*—X', wherein X and
X' are independently OH, SH, NH,, or NHR, wherein R is H
or C1 to C6 alkyl, and wherein R” is selected from optionally
substituted alkyl and optionally substituted alkoxylene. In a
further aspect, the monomer residue comprises less than
about 10% by weight of the monomer residue of halogen
selected from chlorine, bromine, and iodine. In a further
aspect, Z is O.

[0310] In one aspect, the solution comprises from about 1
molar equivalent of a dinucleophile (nucleophilic moiety:
epoxide functionality) and the resultant nanoparticle has a
particle size of from about 5 nm to about 55 nm. In a further
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aspect, the solution comprises from about 1 molar equivalent
of a dinucleophile (nucleophilic moiety:epoxide functional-
ity) and the resultant nanoparticle has a particle size of from
about 5 nm to about 55 nm. In a further aspect, the solution
comprises from about 2 molar equivalents of a dinucleophile
(nucleophilic moiety:epoxide functionality) and the resultant
nanoparticle has a particle size of from about 30 nm to about
80 nm. In a further aspect, the solution comprises from about
3 molar equivalents of a dinucleophile (nucleophilic moiety:
epoxide functionality) and the resultant nanoparticle has a
particle size of from about 70 nm to about 120 nm. In a further
aspect, the solution comprises from about 4 molar equivalents
of a dinucleophile (nucleophilic moiety:epoxide functional-
ity) and the resultant nanoparticle has a particle size of from
about 110 nm to about 170 nm. In a further aspect, the solu-
tion comprises from about 5 molar equivalents of a dinucleo-
phile (nucleophilic moiety:epoxide functionality) and the
resultant nanoparticle has a particle size of from about 175 nm
to about 300 nm. In a further aspect, the solution comprises
from about 6 molar equivalents of a dinucleophile (nucleo-
philic moiety:epoxide functionality) and the resultant nano-
particle has a particle size of from about 250 nm to about 350
nm. In a further aspect, the solution comprises from about 8
molar equivalents of a dinucleophile (nucleophilic moiety:
epoxide functionality) and the resultant nanoparticle has a
particle size of from about 400 nm to about 550 nm. In a
further aspect, the solution comprises from about 10 molar
equivalents of a dinucleophile (nucleophilic moiety:epoxide
functionality) and the resultant nanoparticle has a particle
size of from about 650 nm to about 850 nm. It is also con-
templated that reaction stoichiometry can be selected to uti-
lize in excess of ten (10) molar equivalents, thereby providing
higher particle sizes.

[0311] In one aspect, the invention relates to a method of
preparing a degradable nanoparticle comprising the step of
adding a polymer comprising at least one monomer residue
having a structure represented by a formula:

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein m' is an integer from O to 6, and wherein n' is an
integer from O to 2; to a solution of from about 1 to about 10
molar equivalents of a bis-azide (azide moiety:alkyne func-
tionality) having a structure N,—R*—N,, wherein R” is
selected from optionally substituted alkyl and optionally sub-
stituted alkoxylene. In a further aspect, the monomer residue
comprises less than about 10% by weight of the monomer
residue of halogen selected from chlorine, bromine, and
iodine. In a further aspect, Z is O.

[0312] In one aspect, the invention relates to a method of
controlling particle size during the preparation of a degrad-
able nanoparticle comprising the step of adding an epoxide-
functionalized polymer to a solution of a dinucleophilic
cross-linker, wherein the stoichiometry of the cross-linker
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(ratio of nucleophilic moiety:epoxide functionality) is
selected to provide a desired particle size according to one or
more of the graphs shown in FIG. 14-FIG. 19.

[0313]

[0314] In one aspect, the invention relates to a method of
functionalizing a nanoparticle comprising the step of reacting
ananoparticle comprising at least one epoxide-functionalized
monomer residue having an optionally substituted structure
represented by a formula:

5. Methods of Functionalizing Nanoparticles

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl;
wherein m is an integer from 0 to 6; wherein n is an integer
from 0 to 2; with a nucleophile having a structure represented
by a formula X—R!, wherein X is OH, SH, NH,, or NHR,
wherein R is H or C1 to C6 alkyl; and wherein R' is an
optionally substituted organic radical comprising 1 to 24
carbon atoms. In a further aspect, R* is further substituted
with at least one biologically active agent, at least one phar-
maceutically active agent, and/or at least one imaging moiety.

[0315] In one aspect, the invention relates to a method of
functionalizing a nanoparticle comprising the step of reacting
a nanoparticle comprising at least one propargyl-functional-
ized monomer residue having an optionally substituted struc-
ture represented by a formula:

Jm1

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl,
wherein m' is an integer from O to 6, and wherein n' is an
integer from 0 to 2; with an azide having a structure repre-
sented by a formula N,—R', wherein R' is an optionally
substituted organic radical comprising 1 to 24 carbon atoms.
In a further aspect, R' is further substituted with at least one
biologically active agent, at least one pharmaceutically active
agent, and/or at least one imaging moiety.

[0316] In one aspect, the invention relates to a method of
functionalizing a nanoparticle comprising the steps of react-
ing a nanoparticle comprising at least one keto-functionalized
monomer providing a residue having an optionally substi-
tuted structure represented by a formula:
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wherein Z is O or NR, wherein R is H or C1 to C6 alkyl, and
wherein n® is an integer from 0 to 2; with an amine having a
structure represented by a formula H,N—R®, wherein R' is
an optionally substituted organic radical comprising 1 to 24
carbon atoms; and reducing the resulting imine. In a further
aspect, the reacting step and the reducing step are performed
simultaneously. In a further aspect, R* is further substituted
with at least one biologically active agent, at least one phar-
maceutically active agent, and/or at least one imaging moiety.
[0317] In one aspect, the invention relates to a method of
functionalizing a nanoparticle comprising the step of reacting
a nanoparticle comprising at least one nucleophile-function-
alized monomer residue having an optionally substituted
structure represented by a formula:

O
A
* " Z
)m

Y

|L

R OH
I
H

wherein Z is O or NR, wherein R is H or C1 to C6 alkyl;
wherein m is an integer from 0 to 6; wherein n is an integer
from 0 to 2; wherein Y and Y" are independently O, S, or NR,
wherein R is H or C1 to C6 alkyl; and wherein R” is selected
from optionally substituted alkyl and optionally substituted

53
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alkoxylene; with an electrophile having a structure repre-
sented by a formula E-R', wherein E is an electrophilic moi-
ety; and wherein R' is an optionally substituted organic radi-
cal comprising 1 to 24 carbon atoms. In a further aspect, Y'is
NH, or NHR. In a further aspect, Y—Y". In a further aspect,
the electrophilic moiety is selected from alkyl halide, alkyl
pseudohalide, and carboxyl derivative. In a further aspect, R*
is further substituted with at least one biologically active
agent, at least one pharmaceutically active agent, and/or at
least one imaging moiety.

[0318] 6. Methods of Degrading Nanoparticles

[0319] In one aspect, the invention relates to a method of
degrading a degradable nanoparticle comprising subjecting
the nanoparticle to reaction conditions sufficient to hydrolyze
an ester. In a further aspect, the conditions are biological
conditions. In a further aspect, the conditions involve expo-
sure to an esterase. In a further aspect, the conditions exist
within an organism.

[0320] In one aspect, the invention relates to a method of
degrading a degradable polymer comprising subjecting the
polymer to reaction conditions sufficient to hydrolyze an
ester. In certain aspects, the degradable polymeris a disclosed
polymer or a product of a disclosed method.

H. Functionalized Polymers and Nanoparticles

[0321] In one aspect, the disclosed nanoparticles can be
functionalized with, for example, the disclosed dendrimeric
compounds. That is, in one aspect, the invention relates to a
nanoparticle-dendrimer conjugate. In a further aspect, the
nanoparticle can be a disclosed organic quantum dots via
intramolecular chain collapse. In a further aspect, the nano-
particle can be a disclosed degradable nanoparticle. In a fur-
ther aspect, the dendrimer can be a disclosed intracellular
delivery composition.

[0322] As disclosed herein, certain nanoparticles can bear
electrophilic (e.g., ketone) functionalities. Vinylsulfonyl
functionality can be introduced to the disclosed nanopar-
ticles. Thus, a vinylsulfonyl linker moiety was prepared that
can be attached in a reductive amination procedure to a keto
groups of the particle. The synthesis of such a linker appears
in Scheme 1. It is understood that the alkyl chain can be
homologated by selection of appropriate reagents.

Scheme 1. Synthesis of SVEC (vinylsulfonyl-ethyl carbonate) linker and attachement to the particle
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[0323] The vinylsulfonyl moiety readily reacts with a
nucleophile (e.g., a thiol) to form a covalent bond, thereby
further functionalizing a nanoparticle. These linkers can be
used to attach peptides that are labeled with dye molecules at
the focal point of the peptide or other amines groups of the
peptide. The thiol groups of cysteines can be used to attach to
the vinyl function of the vinyl sulfonyl linker. Also, the thiol
group in the focal point of the disclosed dendritic molecular
transporters can be attached to the vinyl sulfonyl (or allyl)
group, thus allowing a transporter to be attached to any post-
modified nanoparticle.

[0324]
that are not labeled with dye. In such cases, the particle can be
labeled with dye or not labeled.

The same reaction can be used to attach peptides

[0325] Peptides (or other amines) can also be attached
directly through the amine terminus of the peptide to the keto
group through reductive amination. See Scheme 2. Here, it is
preferred that the peptide contains only one amine group.
Before the reductive amination is performed, the particle can
be labeled with a dye that adds to the amine functionality of
the particle. After the reaction, residual dyes can be quenched
s0 as to not interfere with the following reductive amination.

Scheme 2. Attachment of peptide with integrated thiol group from cysteins to linker modified particle

DMF
pH=72

1,24 h



US 2013/0142733 Al

Jun. 6, 2013

-continued

[0326] Similar systems can be constructed with particles
from intramolecular cross-linking reactions. Replacing
N-BED with an ethylenoxide equivalent enhances the solu-
bility of the system.

[0327] Another approach that can enable formation of
nanoparticle-dendrimer conjugate involves direct attachment

of nucleophile-functionalized moieties (e.g., peptides or dis-
closed intracellular delivery compositions) to an allylic func-
tion on disclosed degradable nanoparticles. As shown in
Scheme 4, direct attachment of a thiol with an allyl function-
alized polymer or nanoparticle can bypass use of the dis-
closed SVEC linker.
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Scheme 4. Synthesis of allyl functionalized ABbD linear precursor
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[0328] In one aspect, an allylic function on disclosed
degradable nanoparticles can be provided via incomplete oxi-
dation of epoxide functionalities, as shown in Scheme 5Sa.

Scheme 5a. Linear precursor.
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[0329] Still other examples of linear precursors can be pre-
pared according to Scheme 5Sb.

Scheme 5b. Linear precursor.
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[0330] An allyl functionality is thus available for function- linear polymer. This chemistry is also compatible with the

alization and allows very mild conditions for the attachment
of'peptides and other moieties that contain nucleophilic (e.g.,
thiol) groups. The allyl groups from Ab linear precursors can
be partially preserved by partial oxidation to the epoxide that
is needed for cross-linking to the nanoparticle to from AbB

keto-group-containing ABD linear precursor to from AbBD.
[0331] The nanoparticle formation does not take part in the
cross-linking reaction and is therefore available for further
modification. The allyl group is inert under the conditions
used during the cross-linking process. The crosslinking reac-
tion is illustrated in Scheme 6.
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Scheme 6. Nanoparticle formation from allyl functionalized ABbD linear precursor with diamines.

.
o NH
N NN TN TN

2 amines/ 1 epoxide

[0332] Again, the thiol group of the focal point of the den-
dritic molecular transporter can be attached to the ally group.
One advantage of such attachment is that it requires no other
reagent. This can permit the transporter to be attached to any
already post-modified nanoparticle because of the mild reac-
tion conditions.

[0333] Inorderto track the drug delivery system and study
the uptake into tissues, an imaging moiety (e.g., a dye mol-
ecule such as rodamine or other dye) that has functionality to
react with amines such as NHS-ester or isothiocyanates can
be attached to the free amine groups that result from the
cross-linking reaction, as shown in Scheme 7. The allyl
groups or all other groups introduced are not affected.

3 amines/ 1 epoxide

Scheme 7. Nanoparticle formation from allyl functionalized ABbD linear precursor with diamines
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@ indicates text missing or illegible when filed

[0334] The allyl groups can then be reacted with thiol
groups of the focal point of the dendritic transporter, as illus-
trated in Scheme 8, thereby providing multiply functionalized
degradable nanoparticles.
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[0335] The number of molecular transporter(s) bonded to
the nanoparticle can be selected by varying the stoichiometry
of the reagents added to the allyl groups. The same reaction
can be performed with thiol groups attached to peptides. It
was found that elevated temperatures such as 37° C. speed up
the reaction but do not destroy the peptide.

[0336] Ina further aspect, a nanoparticle can be attached to
a disclosed dendritic molecular transporter through an exem-
plary strategy shown in Scheme 8b.
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[0337] The dendritic transporter shown in Scheme 8 can be
further functionalized according to Scheme 8c.
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[0338] The nanoparticle of the intramolecular chain col-
lapse reaction can be reacted with the commercially available
N-Boc ethylenoxide amine. The amine can be deprotected via
acid cleavage with HCI or formic acid. Some of the free
amines can be labeled with dye via NHS-ester reaction or
thioisocyanide reaction. An SVEC moiety can then be con-
nected trough an NHS ester reaction. After the reaction the
residual amine groups are being quenched. The thiol groups
are attached to the vinylsulfone groups of the SVEC. The thiol
groups of the molecular transporter can also be attached in the
same fashion as the peptides, as shown in Scheme 9a.

Scheme 9a. Attachment of the targeting peptide to the SVEC system.
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PBS Buffer (pH 7.3)

ACN/H,0




US 2013/0142733 Al Jun. 6, 2013
73

-continued

o}
&4
N
HZN/W N e IVGGSSV
i
o}
SH

PBS Buffer (pH 7.3)

@

O
Excess amines quenched with N \n/
O

@ indicates text missing or illegible when filed

[0339] Another example of attaching a peptide to a nano-
particle core is shown in Scheme 9b.

Scheme 9b. Attachment of the targeting peptide to a nanoparticle system.
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[0340] Imaging moieties (e.g., dyes or DOTA moieties) that
can function as therapeutic and tracking units can also be
attached via a nucleophilic functionality, as shown below.

Scheme 10. Functionalization of organic quantum dots via intramolecular chain collapse.
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Scheme 11. Deprotection of triflate with base and attachment of SVEC followed by the deprotection of acylhydrazone linker.
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Scheme 12a. DOTA instead of Dye.
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[0341] In a further aspect, a disclosed nanoparticle can be
functionalized with a dye for imaging the eye in a subject. For
example, such a method can be accomplished conveniently
by Scheme 12b.
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[0342] Ina further aspect, analogous chemistry can be used
to prepare a drug delivery system comprising a drug molecule
that is attached to a pH sensitive linker and includes a
hydrazide linker and doxorubicin. The synthesis is illustrated
in Schemes 13-15.

Scheme 13. Attachment of two types of B-alanyl (Boc)hydrazide; and N-Tfa-ethyleneoxide diamine.

1. 2M HCl/Dioxane
—_—

RT

ACN/H,0
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Scheme 15. Attachement of targeting unit; also ¢-RGD

|
HZN\)]\ N~ —HVGGSSV
N

[0343] A novel c-RGD has been prepared and can be
attached to the nanoparticles and used for targeting of the
disclosed delivery systems (See Scheme 16).
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Scheme 16. ¢-RGD
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[0344] The synthesis of the c-RGD that contains free amine
and thiol unit for attachment to SVEC of the particle from the
intra-molecular chain collapse and the SVEC or the allyl
group of the polyester particles is detailed in Scheme 17.

Scheme 17. Synthesis of C-RGD

Fmoc-Lys-DPhe-Arg-Gly-Asp-Gl

Boce Pbf OtBu

lZ% v/v hydrazine H,O/DMF 7 min

Lys-DPhe-Arg-Gly-Asp-Gli

Boc Pbf  OtBu
lZO% piperidine/DMF 20 min

i) 5% v/v DIPEA/DMF 10 min

HN ii) DCC, HOBt (1.2 molar excess)
in DMF 18 h
O iif) Reagent R 3 h
Lys-DPhe-Arg-Gly-Asp-Glu
OH

Boc Pbf  OtBu
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-continued

@indicates text missing or illegible when filed

[0345] The attachment of the molecular transporter to the
maleiminde of the intra-molecular chain collapse particle has
also been investigated to create a system that transports pep-
tides to intracellular location and across biological barriers.
See Scheme 18.
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[0346] Further modifications of the nanoparticle-den-
drimer conjugate systems have also been investigated. See
Schemes 19-20. The disclosed modifications, as well as
analogous transformations, results in a collection of com-
pounds available for use in intracellular transport.
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1. Nanosponges

[0347] In one aspect, the invention relates to intravitreal
drug-delivery nanoparticles (“nanosponges™), which are
three-dimensional nano-networks formed from degradable
materials, in particular, formed by crosslinking degradable
linear polyesters. In various aspects, nanosponges canreferto
compositions comprising one or more disclosed compounds
of the invention or one or more products of the disclosed
methods. In particular, nanosponges can refer to disclosed
compounds or products encapsulating one or more pharma-
ceutically active agent or biologically active agent, for
example, agents disclosed herein.

[0348] In afurther aspect, a nanosponge is an ocular deliv-
ery platform (degradable polyester nanoparticle pharmaceu-
tical or biologically active agent complex, which can be also
referred to as a nanoparticle complex, and can comprise one
or more degradable crosslinked polyester nanoparticles and
one or more biologically active agents, one or more pharma-
ceutically active agents, and/or one or more imaging agents,
as disclosed herein. In a particular aspect, a nanosponge is an
ocular delivery platform for treatment and/or prevention of
eye diseases (e.g., glaucoma) and cancer (e.g., intraocular
melanoma).

[0349] Nanosponges can offer significant advantages over
conventional drug delivery systems. For example, nano-
sponges can be prepared using practical synthetic methods in
suitable nanoscopic dimensions. In one aspect, nanosponges
can be prepared for treatment of eye disease (e.g., 400 nm and
700 nm) or for treatment of cancer (e.g., 50 nm and, option-
ally, modified with targeting unit that only targets cancer site).
[0350] Inone aspect, nanosponges can encapsulate hydro-
phobic, potent drugs as well as solubilize them in high con-
centrations. This leads to a larger pool of drugs available for
drug discovery efforts. It is observed that there is no accumu-
lation of nanosponges in other organs. As disclosed herein,
nanosponges can be tailored to facilitate treatment of cancer
type and disease stage. For example, drug release can be
tailored (e.g., fast, medium, slow), which can be important for
fast and slow growing cancer types (e.g., beast, prostate, lung,
and brain). Nanosponges can be prepared for release of the
encapsulated drug at a constant rate, which can be important
for the development of clinical protocols.

[0351] In one aspect, the disclosed nanosponges can be
used in connection with treatment of eye diseases such as
glaucoma (4th major cause of blindness): Inter Ocular Pres-
sure (IOP) can be controlled over a period of two months with
ONE treatment, so far limited or no treatment possible.

J. Methods of Administration

[0352] The disclosed compositions are useful for the depo-
sition of pharmaceutical agents encapsulated within the
degradable polyester nanoparticle. Thus, disclosed herein are
methods of administering a pharmaceutical or biologically
active agent to a cell comprising contacting the cell with a
degradable polyester nanoparticle-pharmaceutical or bio-
logically active agent complex (nanoparticle complex)
thereby administering the pharmaceutical biologically active
agent to the cell. It is contemplated herein that the nanopar-
ticles can release the pharmaceutical agents over time as the
particle degrades resulting in the time release of the agent.

[0353] It is understood the nanoparticle-pharmaceutical
agent complex can be administered to any cell type desired.
For example, the cell can be a neuron (e.g., a photoreceptor
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neuron), ganglion cell, cone cell, rod cell, epithelial cell,
muscle cell, adipose cell, hepatic cell, erythrocyte, leukocyte,
mast cell, fibroblast (e.g., a corneal fibroblast). Such cells can
be part of a larger tissue such as neuronal, fibrous, blood,
gangloid, dermal, muscular, amacrine, bipolar, horizontal,
connective, epithelial, and vitreal fluid. It is further under-
stood that the cells to which the nanoparticle-pharmaceutical
agent complex is applied can be located in a region of an
organ such as the eye. Examples of such regions include by
are not limited to a region of the eye selected from the group
consisting of sclera, cornea, retina, vitrius fluid, rods, cones,
iris, zonular fibers, aqueous humour, choroid, ciliary muscle,
optic disc, dura mater, optic nerve, fovea, and macula.
Because the nanoparticle-pharmaceutical agent complex can
be delivered to living tissue, organs, or cells, it is further
contemplated herein that said complexes have particular uses
for administration of a pharmaceutical agent to a subject.

[0354] Due to the size of the nanoparticle complexes dis-
closed herein, it is understood that the degradable polyester
nanoparticles can be used to deliver a pharmaceutical agent
directly to the interior of a cell. Thus contemplated herein are
methods of administration, wherein the nanoparticle compex
is administered to anorganelle of a cell such as for example
mitochondria, the nucleus, the golgi apparatus, endoplasmic
reticulum, ribosomes, lysosomes, or centrioles. Thus, for
example, disclosed herein are methods of administering a
pharmaceutical or biologically active agent to the nucleus
comprising contacting a cell with a degradable polyester
nanoparticle-pharmaceutical or biologically active agent
complex. It is understood that the complex can be taken up by
the cell or can pass through a molecular channel such that the
pharmaceutical or biologically active agent is internalized
into the cell. It is further understood that the nanpaticle com-
plex can further pass through organelle membranes to enter
mitochondria or the nucleus of the cell.

[0355] It is understood that there are circumstances where
one of skill in the art would want to monitor the deposition of
the pharmaceutical or biologically active agent following the
administration of the degradable polyester nanoparticle phar-
maceutical or biologically active complexes. Therefore, it is
contemplated herein that the nanoparticle complexes can fur-
ther comprise a mechanism for detection. Detection can occur
the use of imaging agents such as labels and dyes, but can also
occur through the measure of physical characteristics such as
measuring interocular pressure (TOP) or visualization such
as electron microscopy. Where a dye or label is used, the
means of detection can employ any method known in the art
including but not limited to microscopy such as immunofiuo-
rescence, radioimmunoassay, ELISAs, ELISpot, and flow
cytometry. As used herein, a label can include radiolabels,
pigment dyes, a fluorescent dye, a member of a binding pair,
such as biotin/streptavidin, a metal (e.g., gold), or an epitope
tag that can specifically interact with a molecule that can be
detected, such as by producing a colored substrate or fluores-
cence. Substances suitable for detectably labeling proteins
include fluorescent dyes (also known herein as fluorochromes
and fluorophores) and enzymes that react with colorometric
substrates (e.g., horseradish peroxidase). The use of fluores-
cent dyes is generally preferred in the practice of the invention
as they can be detected at very low amounts. Furthermore, in
the case where multiple antigens are reacted with a single
array, each antigen can be labeled with a distinct fluorescent
compound for simultaneous detection. Labeled spots on the
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array are detected using a fluorimeter, the presence of a signal
indicating an antigen bound to a specific antibody.

[0356] Fluorophores are compounds or molecules that
luminesce. Typically fluorophores absorb electromagnetic
energy at one wavelength and emit electromagnetic energy at
a second wavelength. Representative fluorophores include,
but are not limited to, 1,5 IAEDANS; 1,8-ANS; 4-Methylum-
belliferone; S-carboxy-2,7-dichlorofluorescein; 5-Carboxy-
fluorescein (5-FAM); 5-Carboxynapthofluorescein; 5-Car-
boxytetramethylrhodamine  (5-TAMRA); 5-Hydroxy
Tryptamine (5-HAT); 5-ROX (carboxy-X-rhodamine);
6-Carboxyrhodamine 6G; 6-CR 6G; 6-JOE; 7-Amino-4-me-
thylcoumarin; 7-Aminoactinomycin D (7-AAD); 7-Hy-
droxy-4-1 methylcoumarin; 9-Amino-6-chloro-2-methoxy-
acridine (ACMA); ABQ; Acid Fuchsin; Acridine Orange;
Acridine Red; Acridine Yellow; Acriflavin; Acriflavin Feul-
gen SITSA; Aequorin (Photoprotein); AFPs—AutoFluores-
cent Protein—(Quantum Biotechnologies) see sgGFP,
sgBFP; Alexa Fluor 350™; Alexa Fluor 430™; Alexa Fluor
488™; Alexa Fluor 532™; Alexa Fluor 546™; Alexa Fluor
568™; Alexa Fluor 594™; Alexa Fluor 633™; Alexa Fluor
647™; Alexa Fluor 660™; Alexa Fluor 680™; Alizarin Com-
plexon; Alizarin Red; Allophycocyanin (APC); AMC,
AMCA-S; Aminomethylcoumarin (AMCA); AMCA-X;
Aminoactinomycin D; Aminocoumarin; Anilin Blue; Anth-
rocyl stearate; APC-Cy7; APTRA-BTC; APTS; Astrazon
Brilliant Red 4G; Astrazon Orange R; Astrazon Red 6B;
Astrazon Yellow 7 GLL; Atabrine; ATTO-TAG™ CBQCA;
ATTO-TAG™ FQ; Auramine; Aurophosphine G; Aurophos-
phine; BAO 9 (Bisaminophenyloxadiazole); BCECF (high
pH); BCECF (low pH); Berberine Sulphate; Beta Lactamase;
BFP blue shifted GFP(Y66H); Blue Fluorescent Protein;
BFP/GFP FRET; Bimane; Bisbenzemide; Bisbenzimide
(Hoechst); bis-BTC; Blancophor FFG; Blancophor SV;
BOBO™-1; BOBO™.-3; Bodipy492/515; Bodipy493/503;
Bodipy500/510; Bodipy; 505/515; Bodipy 530/550; Bodipy
542/563; Bodipy 558/568; Bodipy 564/570; Bodipy 576/589;
Bodipy 581/591; Bodipy 630/650-X; Bodipy 650/665-X;
Bodipy 665/676; Bodipy Fl; Bodipy FL. ATP; Bodipy Fl-
Ceramide; Bodipy R6G SE; Bodipy TMR; Bodipy TMR-X
conjugate; Bodipy TMR-X, SE; Bodipy TR; Bodipy TR ATP;
Bodipy TR-X SE; BO-PRO™-1; BO-PRO™-3; Brilliant
Sulphoflavin FF; BTC; BTC-5N; Calcein; Calcein Blue; Cal-
cium Crimson-; Calcium Green; Calcium Green-1 Ca®* Dye;
Calcium Green-2 Ca®*; Calcium Green-5N Ca®*; Calcium
Green-C18 Ca®*; Calcium Orange; Calcofluor White; Car-
boxy-X-rhodamine (5-ROX); Cascade Blue™; Cascade Yel-
low; Catecholamine; CCF2 (GeneBlazer); CFDA; CFP
(Cyan Fluorescent Protein); CFP/YFP FRET; Chlorophyll;
Chromomycin A; Chromomycin A; CL-NERF; CMFDA;
Coelenterazine; Coelenterazine cp; Coelenterazine f
Coelenterazine fcp; Coelenterazine h; Coelenterazine hcep;
Coelenterazine ip; Coelenterazine n; Coelenterazine O; Cou-
marin Phalloidin; C-phycocyanine; CPM I Methylcoumarin;
CTC; CTC Formazan; Cy2™; Cy3.1 8; Cy3.5™; Cy3™;
Cy5.1 8; Cy5.5™; Cy5™; Cy7™; Cyan GFP; cyclic AMP
Fluorosensor (FiCRhR); Dabcyl; Dansyl; Dansyl Amine;
Dansyl Cadaverine; Dansyl Chloride; Dansyl DHPE; Dansyl
fluoride; DAPI; Dapoxyl; Dapoxyl 2; Dapoxyl 3'DCFDA;
DCFH (Dichlorodihydrofluorescein Diacetate); DDAO;
DHR (Dihydrorhodamine 123); Di-4-ANEPPS; Di-8-
ANEPPS (non-ratio); DiA (4-Di 16-ASP); Dichlorodihy-
drofluorescein Diacetate (DCFH); DiD-Lipophilic Tracer;
DiD (DilC18(5)); DIDS; Dihydrorhodamine 123 (DHR); Dil
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(DilC18(3)); I Dinitrophenol; DiO (DiOC18(3)); DiR; DiR
(DilC18(7)); DM-NERF (high pH); DNP; Dopamine;
DsRed; DTAF; DY-630-NHS; DY-635-NHS; EBFP; ECFP;
EGFP; ELF 97; Eosin; Erythrosin; Erythrosin ITC; Ethidium
Bromide; Ethidium homodimer-1 (EthD-1); Euchrysin;
EukoLight; Europium (111) chloride; EYFP; Fast Blue;
FDA; Feulgen (Pararosaniline); FIF (Formaldehyd Induced
Fluorescence); FITC; Flazo Orange; Fluo-3; Fluo-4; Fluores-
cein (FITC); Fluorescein Diacetate; Fluoro-Emerald; Fluoro-
Gold (Hydroxystilbamidine); Fluor-Ruby; Fluor X; FM
1-43™; FM 4-46; Fura Red™ (high pH); Fura Red™/Fluo-3;
Fura-2; Fura-2/BCECF; Genacryl Brilliant Red B; Genacryl
Brilliant Yellow 10GF; Genacryl Pink 3G; Genacryl Yellow
5GF; GeneBlazer; (CCF2); GFP(S65T); GFP red shifted (rs-
GFP); GFP wild type’ non-UV excitation (wtGFP); GFP wild
type, UV excitation (wtGFP); GFPuv; Gloxalic Acid; Granu-
lar blue; Haematoporphyrin; Hoechst 33258; Hoechst 33342;
Hoechst 34580; HPTS; Hydroxycoumarin; Hydroxystilba-
midine (FluoroGold); Hydroxytryptamine; Indo-1, high cal-
cium; Indo-1 low calcium; Indodicarbocyanine (DiD); Indot-
ricarbocyanine (DiR); Intrawhite Cf; JC-1; JO JO-1;
JO-PRO-1; LaserPro; Laurodan; LDS 751 (DNA); LDS 751
(RNA); Leucophor PAF; Leucophor SF; Leucophor WS; Lis-
samine Rhodamine; Lissamine Rhodamine B; Calcein/
Ethidium homodimer; LOLO-1; LO-PRO-1;; Lucifer Yel-
low; Lyso Tracker Blue; Lyso Tracker Blue-White; Lyso
Tracker Green; Lyso Tracker Red; Lyso Tracker Yellow;
LysoSensor Blue; LysoSensor Green; LysoSensor Yellow/
Blue; Mag Green; Magdala Red (Phloxin B); Mag-Fura Red;
Mag-Fura-2; Mag-Fura-5; Mag-1ndo-1; Magnesium Green;
Magnesium Orange; Malachite Green; Marina Blue; I Max-
ilon Brilliant Flavin 10 GFF; Maxilon Brilliant Flavin 8 GFF;
Merocyanin; Methoxycoumarin; Mitotracker Green FM;
Mitotracker Orange; Mitotracker Red; Mitramycin; Mono-
bromobimane; Monobromobimane (mBBr-GSH);
Monochlorobimane; MPS (Methyl Green Pyronine Stil-
bene); NBD; NBD Amine; Neuro DiO; Nile Red; Nitroben-
zoxedidole; Noradrenaline; Nuclear Fast Red; i Nuclear Yel-
low; Nylosan Brilliant lavin E8G; Oregon Green™; Oregon
Green™ 488; Oregon Green™ 500; Oregon Green™ 514;
Pacific Blue; Pararosaniline (Feulgen); PBFI; PE-CyS5; PE-
Cy7; PerCP; PerCP-Cy5.5; PE-TexasRed (Red 613); Phloxin
B (Magdala Red); Phorwite AR; Phorwite BKL; Phorwite
Rev; Phorwite RPA; Phosphine 3R; PhotoResist; Phyco-
erythrin B [PE]; Phycoerythrin R [PE]; PKH26 (Sigma);
PKH67; PMIA; Pontochrome Blue Black; POPO-1; POPO-
3; PO-PRO-1; PO-I PRO-3; Primuline; Procion Yellow; Pro-
pidium lodid (P1); PyMPO; Pyrene; Pyronine; Pyronine B;
Pyrozal Brilliant Flavin 7GF; QSY 7; Quinacrine Mustard;
Resorufin; RH 414; Rhod-2; Rhodamine; Rhodamine 110;
Rhodamine 123; Rhodamine 5 GLD; Rhodamine 6G;
Rhodamine B; Rhodamine B 200; Rhodamine B extra;
Rhodamine BB; Rhodamine BG; Rhodamine Green;
Rhodamine  Phallicidine;  Rhodamine:  Phalloidine;
Rhodamine Red; Rhodamine WT; Rose Bengal; R-phyco-
cyanine; R-phycoerythrin (PE); rsGFP; S65A; S65C; S65L;
S65T; Sapphire GFP; SBFI; Serotonin; Sevron Brilliant Red
2B; Sevron Brilliant Red 4G; Sevron I Brilliant Red B;
Sevron Orange; Sevron Yellow L; sgBFP™ (super glow
BFP); sgGFP™ (super glow GFP); SITS (Primuline; Stilbene
Isothiosulphonic Acid); SNAFL calcein; SNAFL-1; SNAFL-
2; SNARF calcein; SNARF1; Sodium Green; Spectru-
mAqua; SpectrumGreen; SpectrumOrange; Spectrum Red;
SPQ (6-methoxy-N-(3 sulfopropyl)quinolinium); Stilbene;
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Sulphorhodamine B and C; Sulphorhodamine Extra; SYTO
11; SYTO 12; SYTO 13; SYTO 14; SYTO 15; SYTO 16;
SYTO 17, SYTO 18; SYTO 20; SYTO 21; SYTO 22; SYTO
23; SYTO 24; SYTO 25; SYTO 40; SYTO 41; SYTO 42;
SYTO 43; SYTO 44; SYTO 45; SYTO 59; SYTO 60; SYTO
61; SYTO 62; SYTO 63; SYTO 64; SYTO 80; SYTO 81;
SYTO 82; SYTO 83; SYTO 84; SYTO 85; SYTOX Blue;
SYTOX Green; SYTOX Orange; Tetracycline; Tetramethyl-
rhodamine (TRITC); Texas Red™; Texas Red-X™ conju-
gate; Thiadicarbocyanine (DiSC3); Thiazine Red R; Thiazole
Orange; Thioflavin 5; Thioflavin S; Thioflavin TON; Thi-
olyte; Thiozole Orange; Tinopol CBS (Calcofluor White);
TIER; TO-PRO-1; TO-PRO-3; TO-PRO-5; TOTO-1; TOTO-
3; TriColor (PE-CyS5); TRITC TetramethylRodaminel-
soThioCyanate; True Blue; Tru Red; Ultralite; Uranine B;
Uvitex SFC; wt GFP; WW 781; X-Rhodamine; XRITC;
Xylene Orange; Y66F; Y66H; Y66 W, Yellow GFP; YFP;
YO-PRO-1; YO-PRO3; YOYO-1; YOYO-3; Sybr Green;
Thiazole orange (interchelating dyes); semiconductor nano-
particles such as quantum dots; or caged fluorophore (which
can be activated with light or other electromagnetic energy
source), or a combination thereof.

[0357] A modifier unit such as a radionuclide can be incor-
porated into or attached directly to any of the compounds
described herein by halogenation. Examples of radionuclides
useful in this embodiment include, but are not limited to,
tritium, iodine-125, iodine-131, iodine-123, iodine-124, asta-
tine-210, carbon-11, carbon-14, nitrogen-13, fluorine-18. In
another aspect, the radionuclide can be attached to a linking
group or bound by a chelating group, which is then attached
to the compound directly or by means of a linker. Examples of
radionuclides useful in the apset include, but are not limited
to, Tc-99m, Re-186, Ga-68, Re-188, Y-90, Sm-153, Bi-212,
Cu-67, Cu-64, and Cu-62. Radiolabeling techniques such as
these are routinely used in the radiopharmaceutical industry.
[0358] The radiolabeled compounds are useful as imaging
agents to diagnose neurological disease (e.g., a neurodegen-
erative disease) or a mental condition or to follow the pro-
gression or treatment of such a disease or condition in a
mammal (e.g., a human). The radiolabeled compounds
described herein can be conveniently used in conjunction
with imaging techniques such as positron emission tomogra-
phy (PET) or single photon emission computerized tomogra-
phy (SPECT).

[0359] Labeling can be either direct or indirect. In direct
labeling, the detecting antibody (the antibody for the mol-
ecule of interest) or detecting molecule (the molecule that can
be bound by an antibody to the molecule of interest) include
a label. Detection of the label indicates the presence of the
detecting antibody or detecting molecule, which in turn indi-
cates the presence of the molecule of interest or of an antibody
to the molecule of interest, respectively. In indirect labeling,
an additional molecule or moiety is brought into contact with,
or generated at the site of, the immunocomplex. For example,
a signal-generating molecule or moiety such as an enzyme
can be attached to or associated with the detecting antibody or
detecting molecule. The signal-generating molecule can then
generate a detectable signal at the site of the immunocom-
plex. For example, an enzyme, when supplied with suitable
substrate, can produce a visible or detectable product at the
site of the immunocomplex. ELISAs use this type of indirect
labeling.

[0360] As another example of indirect labeling, an addi-
tional molecule (which can be referred to as a binding agent)
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that can bind to either the molecule of interest or to the
antibody (primary antibody) to the molecule of interest, such
as a second antibody to the primary antibody, can be con-
tacted with the immunocomplex. The additional molecule
can have a label or signal-generating molecule or moiety. The
additional molecule can be an antibody, which can thus be
termed a secondary antibody. Binding of a secondary anti-
body to the primary antibody can form a so-called sandwich
with the first (or primary) antibody and the molecule of inter-
est. The immune complexes can be contacted with the
labeled, secondary antibody under conditions effective and
for a period of time sufficient to allow the formation of sec-
ondary immune complexes. The secondary immune com-
plexes can then be generally washed to remove any non-
specifically bound labeled secondary antibodies, and the
remaining label in the secondary immune complexes can then
be detected. The additional molecule can also be or include
one of a pair of molecules or moieties that can bind to each
other, such as the biotin/avadin pair. In this mode, the detect-
ing antibody or detecting molecule should include the other
member of the pair.

[0361] Other modes of indirect labeling include the detec-
tion of primary immune complexes by a two step approach.
For example, a molecule (which can be referred to as a first
binding agent), such as an antibody, that has binding affinity
for the molecule of interest or corresponding antibody can be
used to form secondary immune complexes, as described
above. After washing, the secondary immune complexes can
be contacted with another molecule (which can be referred to
as asecond binding agent) that has binding affinity for the first
binding agent, again under conditions effective and for a
period of time sufficient to allow the formation of immune
complexes (thus forming tertiary immune complexes). The
second binding agent can be linked to a detectable label or
signal-generating molecule or moiety, allowing detection of
the tertiary immune complexes thus formed. This system can
provide for signal amplification.

[0362] Immunoassays that involve the detection of as sub-
stance, such as a protein or an antibody to a specific protein,
include label-free assays, protein separation methods (i.e.,
electrophoresis), solid support capture assays, or in vivo
detection. Label-free assays are generally diagnostic means
of determining the presence or absence of a specific protein,
or an antibody to a specific protein, in a sample. Protein
separation methods are additionally useful for evaluating
physical properties of the protein, such as size or net charge.
Capture assays are generally more useful for quantitatively
evaluating the concentration of a specific protein, or antibody
to a specific protein, in a sample. Finally, in vivo detection is
useful for evaluating the spatial expression patterns of the
substance, i.e., where the substance can be found in a subject,
tissue or cell.

[0363] Provided that the concentrations are sufficient, the
molecular complexes ([Ab-Ag] n) generated by antibody-
antigen interaction are visible to the naked eye, but smaller
amounts may also be detected and measured due to their
ability to scatter a beam of light. The formation of complexes
indicates that both reactants are present, and in immunopre-
cipitation assays a constant concentration of a reagent anti-
body is used to measure specific antigen (|Ab-Ag]n), and
reagent antigens are used to detect specific antibody ([Ab-
Ag]n). If the reagent species is previously coated onto cells
(as in hemagglutination assay) or very small particles (as in
latex agglutination assay), “clumping” of the coated particles
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is visible at much lower concentrations. A variety of assays
based on these elementary principles are in common use,
including Ouchterlony immunodiffusion assay, rocket immu-
noelectrophoresis, and immunoturbidometric and nephelom-
etric assays. The main limitations of such assays are restricted
sensitivity (lower detection limits) in comparison to assays
employing labels and, in some cases, the fact that very high
concentrations of analyte can actually inhibit complex for-
mation, necessitating safeguards that make the procedures
more complex. Some of these Group 1 assays date right back
to the discovery of antibodies and none of them have an actual
“label” (e.g. Ag-enz). Other kinds of immunoassays that are
label free depend on immunosensors, and a variety of instru-
ments that can directly detect antibody-antigen interactions
are now commercially available. Most depend on generating
an evanescent wave on a sensor surface with immobilized
ligand, which allows continuous monitoring of binding to the
ligand. Immunosensors allow the easy investigation of kinetic
interactions and, with the advent of lower-cost specialized
instruments, may in the future find wide application in immu-
noanalysis.

[0364] The deposition of the nanoparticle-pharmaceutical
agent complex can be direct or indirect depending on the
needs of the particular situation. For example, the nanopar-
ticle-pharmaceutical agent complexes disclosed herein can
be applied directly to the sclera of an eye. Also, by way of
example, the nanoparticle-pharmaceutical agent complexes
can be injected into the vitreal fluid whereby the complexes
can then come into contact with cells on the retina. One of
skill in the art understands that the particle method of apply-
ing the nanoparticle-pharmaceutical agent complex depends

[0365] In one aspect, the invention relates to a method of
intracellular delivery comprising administering an effective
amount of a disclosed nanoparticle to a subject. In a further
aspect, the nanoparticle is further substituted with at least one
biologically active agent, at least one pharmaceutically active
agent, and/or at least one imaging moiety. In a further aspect,
the method further comprises the step of degrading the nano-
particle.

[0366] In a further aspect, the invention relates to a method
of intracellular delivery comprising administering an effec-
tive amount of a disclosed polymer or product of a disclosed
method to a subject. In a further aspect, the polymer or prod-
uct of a disclosed method is further substituted with at least
one biologically active agent, at least one pharmaceutically
active agent, and/or at least one imaging moiety. In a further
aspect, the method further comprises the step of degrading the
polymer or product of a disclosed method.

K. Methods of Treatment

[0367] It is contemplated herein that degradable polyester
nanoparticles disclosed herein will slowly release any agent
encapsulated within the nanoparticle at a rate equivalent to
the degradation of the particle. Such release over time is
particularly useful for the time release of pharmaceutical or
biologically active agents that can be used to treat various
diseases or conditions. Such diseases and conditions can
include but are not limited to ophthalmic disorders. Thus,
disclosed herein are method of treating any of the ophthalmic
disorder disclosed herein (e.g., glaucoma) comprising admin-
istering to a subject a degradable polyester nanoparticle phar-
maceutical or biologically active agent complex (nanopar-
ticle complex).
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[0368] The disclosed treatment methods may be used with
any pharmaceutical or biologically active agent known for
use as a treatment for the given ophthalmic disorder to be
treated. Thus, for example, the pharmaceutical or biologically
active agent can be an aptamer, an antibody, an alpha agonist,
beta blocker, prostaglandin analog, carbonic anhydrase
inhibitor, cholinergic, or any other agent disclosed herein.

[0369] Such agents are well known to those of skill in the
art, but can include for example, triamcinolone, ranibizumab,
bevacizumab, pegaptanib (MACUGEN®), travoprost,
bimatoprost, methazolamide, brinzolamide, Dorzolamide
HCl, Acetazolamide, Timolol Maleate, Betaxolol HCI,
Levobunolol HCI, Metipranolol, Timolol hemihydrate, Pilo-
carpine HCl, Carbachol, brimonidine tartrate, memantine,
Apraclonidine HCI, or latanoprost (XALATAN®). It is
understood that the particular agent used will be suited to the
medicinal purpose of the skilled artisan. For example, for
treatment of macular degeneration, one or more pharmaceu-
tical or biologically active agent such as ranibizumab or beva-
cizumab can be used. For the treatment of diabetic related
disorders, triamcinolone can be used. For the treatment of
glaucoma, one or more agents such as pegaptanib (MACU-
GEN®), travoprost, bimatoprost, methazolamide, brinzola-
mide, Dorzolamide HCI, Acetazolamide, Timolol Maleate,
Betaxolol HCI, Levobunolol HCIl, Metipranolol, Timolol
hemihydrate, Pilocarpine HCI, Carbachol, brimonidine tar-
trate, Apraclonidine HCI, memantine, or latanoprost (XALA-
TAN®) canbe used in the disclosed methods. Thus, disclosed
herein are methods of treating an ophthalmic disorder com-
prising administering to a subject one or more of the pharma-
ceutical or biologically active agents selected from the group
consisting of triamcinolone, ranibizumab, bevacizumab,
pegaptanib (MACUGEN®), travoprost, bimatoprost, meth-
azolamide, brinzolamide, Dorzolamide HCI, Acetazolamide,
Timolol Maleate, Betaxolol HCI, Levobunolol HCl, Metipra-
nolol, Timolol hemihydrate, Pilocarpine HCl, memantine,
Carbachol, brimonidine tartrate, Apraclonidine HCI, and
latanoprost (XALATAN®).

[0370] Itis disclosed herein that the treatment of any of the
ophthalmic disorders disclosed herein may be treated by the
use of more than one pharmaceutical or biologically active
agent used in combination in the nanoparticle complexes. For
example, disclosed herein are methods of treating glaucoma
comprising administering to a subject a degradable polyester
nanoparticle pharmaceutical agent complex wherein the
complex comprises at least two pharmaceutical agents. It is
understood that the disclosed methods of treatment or modu-
lating receptor or enzymatic treatment can utilize within the
nanoparticle complex any comprising a combination of at
least two or more pharmaceutical or biologically active
agents disclosed herein. For example, a combination of phar-
maceutical agents may comprise an alpha agonist and a beta
blocker such as Brimonidine Tartrate and Timolol Maleate or
a beta blocker and a carbonic anhydrase inhibitor such as
Dorzolomide HCI and Timolol Maleate. Other combinations
contemplated herein include two or more alpha agonists, two
or more beta blockers, two or more cholinergics, two or more
carbonic anhydrases, two or more prostaglandin analogs, two
or more antibodies, an alpha agonist and a beta blocker, an
alpha agonist and a carbonic anhydrase inhibitor, an alpha
agonist and a cholinergic, an alpha agonist and a carbonic
anhydrase inhibitor, an alpha agonist and a prostaglandin
analog, an alpha agonist an antibody, a beta blocker and a
carbonic anhydrase inhibitor, a beta blocker and a prostag-
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landin analog, a beta blocker and an antibody, a beta blocker
an a cholinergic, a carbonic anhydrase inhibitor and a pros-
taglandin analog, a carbonic anhydrase inhibitor and a cho-
linergic, a carbonic anhydrase inhibitor and an antibody, a
cholinergic and a prostaglandin analog, a cholinergic and an
antibody, and a prostaglandin analog and an antibody.

[0371] The mechanism by which the agents for use in the
disclosed nanoparticles have their effect are known to those of
skill in the art. For example, those of skill in the art know that
the alpha agonist disclosed herein such as brimonidine tar-
trate and Apraclonidine HCI, function by interacting witha G
coupled protein receptor known as the alpha adrenergic
receptor. Similarly, the mechanism by which beta blockers
function is two inhibit the functioning of a G coupled protein
receptor referred to as the beta adrenergic receptor. Inhibitors
of the beta adrenergic receptor include but are not limited to
Timolol Maleate, Betaxolol HCI, Levobunolol HCl, Metipra-
nolol, and Timolol hemihydrate. It is further understood that
some agents which act as modulators of G coupled protein
receptors are analogs to the natural ligand for the receptor. For
example, latanoprost, travoprost, and bimatoprost are pros-
taglandin receptor analogs which modulate the activity of the
prostaglandin F2 (FP) receptor. The activity of other recep-
tors such as the acetylcholine receptor can also be modulated
by the activity of the agents disclosed herein. For example,
Pilocarpine HCI or Carbachol modulate acetylcholine recep-
tor activity. Thus, disclosed herein are methods of modulating
a receptor on a cell comprising contacting the receptor with a
degradable polyester nanoparticle pharmaceutical biologi-
cally active agent complex (nanoparticle complex), wherein
one or more pharmaceutical or biologically active agents is
encapsulated by a degradable polyester nanoparticle. Also
disclosed are methods of modulating a receptor wherein the
receptor is a G coupled protein receptor such as the alpha
adrenergic receptor, the beta adrenergic receptor, or prostag-
landin F2 (FP) receptor comprising administering to a subject
the nanoparticle complexes disclosed herein. Additionally,
disclosed are methods of modulating a receptor wherein the
receptor is the acetylcholine receptor comprising administer-
ing to a subject the nanoparticle complexes disclosed herein.

[0372] It is further contemplated herein that not all of the
agents disclosed herein are known to those of skill in the art
for use in the methods of treatment function by modulating
the activity of a receptor. Some of the agents described herein
have their medicinal effect through the ability to change the
effect of an enzyme. For example, VEGF and in particular
VEGF-A effects the outflow of vitreal fluid. Agents such as
triamcinolone (a steroid) or pegaptanib (an aptamer) bind and
inhibit VEGF whereas ranibizumab or bevacizumab are anti-
bodies with a more specific action of inhibiting VEGF-A.
Other agents such as methazolamide, brinzolamide, Dorzola-
mide HCl, and Acetazolamide inhibit carbonic anhydrase.
Therefore disclosed herein are methods of modulating the
activity of an enzyme such as VEGF, VEGF-A, or carbonic
anhydrase comprising administering to a subject comprising
administering to a subject the nanoparticle complexes dis-
closed herein. Due to the effect of enzyme activity on viteous
outflow or other biological activity associated with oph-
thalmic disorders, disclosed herein are methods of treating an
ophthalmic disorder (e.g., glaucoma, macular degeneration
or diabetic odema) comprising administering to a subject a
nanoparticle compex, wherein one or more pharmaceutical or
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biologically active agent encapsulated by the nanoparticle
modulates that activity of VEGF, VEGF-A, or carbonic anhy-
drase.

L. Uses

[0373] Also provided are uses of the disclosed polymers,
nanoparticles, and products. In one aspect, the invention
relates to a use of a disclosed polymer or a disclosed nano-
particle to deliver a biologically active agent, a pharmaceuti-
cally active agent, and/or an imaging moiety. The disclosed
compounds, compositions, and conjugates and practical syn-
thesis of same provide approaches for applications in cancer
treatment and drug delivery across biological barriers such as
the cornea, tissues, skin, and the blood brain barrier.

[0374] These degradable polymers find application in con-
trolled release technologies that have to penetrate tissues and
cellular membranes. Thus, the nanoparticle-dendrimer con-
jugates comprising a disclosed degradable nanoparticle and a
disclosed intracellular delivery composition can hold and
deliver therapeutics ranging from small molecules to larger
peptides, proteins, and antibodies.

[0375] Inafurther aspect, the invention relates to ause of a
disclosed polymer or a disclosed nanoparticle for trancorneal
delivery of a biologically active agent, a pharmaceutically
active agent, and/or an imaging moiety.

[0376] Many regions of the eye are relatively inaccessible
to systemically administered agents. For example, orally
administered agents pass through the liver before reaching
estrogen sensitive tissues. Because the liver contains enzymes
that can inactivate the agent, the agent that eventually reaches
tissue targeted for treatment can be virtually ineffective.
Moreover, systemic administration risks production of unde-
sirable side effects. It can also be problematic to deliver a
biologically active agent, a pharmaceutically active agent,
and/or an imaging moiety into the eye via invasive procedures
such as injection. Further still, patient compliance can be low
in cases of invasive administration.

[0377] As a result, topical drug delivery remains the pre-
ferred route of administration to the eye. There are a variety of
factors that affect the absorption of drugs into the eye. These
factors include: the instillation volume of the drug, the fre-
quency of instilled drug administration, the structure and
integrity of the cornea, the protein level in tears, the level of
enzymes in tears, lacrimal drainage and tear turnover rate, as
well the rate of adsorption and absorption of a drug by the
conjunctiva, sclera, and eyelids. A potential way of reducing
or even eliminating systemic side effects is to improve ocular
targeting that would allow for the use of reduced doses of the
biologically active agent in the ophthalmic drug formation.
[0378] A major barrier to ocular drug penetration is the
cornea. The cornea is composed of three layers: a lipid-rich
epithelium, a lipid-poor soma, and a lipid-rich endothelium.
Therefore, an agent must possess both lipophilic-hydrophilic
balance for adequate transcorneal penetration and, thus, ocu-
lar bioavailability (Akers, H. J., “Ocular bioavailability of
topically applied ophthalmic drugs,” Am Pharm, NS23:33-36
(1983)).

[0379] Thus, in one aspect, the disclosed compounds pro-
vide improved physicochemical properties including, but not
limited to, favorable ocular bioavailability and facile
transcorneal penetration.

[0380] In another aspect, the disclosed compounds treat
and/or protect against various ocular diseases. That is, the
disclosed compounds can be used to diagnose, prevent, and/
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ortreat ophthalmic disorders. Preferred disclosed compounds
can be effective in treating and/or preventing maladies asso-
ciated with vision-threatening intraocular damage due to
pathophysiological predispositions. Preferred disclosed
compounds include those which treat retinal infection, glau-
coma, and/or macular degeneration.

M. Manufacture of a Medicament

[0381] Also provided is a method for the manufacture of a
medicament. In one aspect, the invention relates to a method
for the manufacture of a medicament for delivery of a bio-
logically active agent, a pharmaceutically active agent, and/or
an imaging moiety comprising combining at least one dis-
closed polymer or at least one disclosed nanoparticle with a
pharmaceutically acceptable carrier.

[0382] In afurther aspect, the pharmaceutical composition
relates to a composition for preventing and/or treating oph-
thalmic disorders.

N. Pharmaceutical Compositions

[0383] In one aspect, the invention relates to pharmaceuti-
cal compositions comprising the disclosed compositions.
That is, a pharmaceutical composition can be provided com-
prising a therapeutically effective amount of one or more
disclosed polymer and/or one or more products of a disclosed
method and/or one or more disclosed nanoparticle and a
pharmaceutically acceptable carrier for administration in a
mammal. In a further aspect, the one or more disclosed poly-
mer and/or one or more products ofa disclosed method and/or
the one or more disclosed nanoparticle is further substituted
with at least one biologically active agent, at least one phar-
maceutically active agent, and/or at least one imaging moiety.
[0384] Thedisclosed pharmaceutical compositions can fur-
ther comprise other therapeutically active compounds, which
are usually applied in the treatment of the above mentioned
pathological conditions. It is understood that the disclosed
compositions can be employed in the disclosed methods of
using.

O. Kits

[0385] Also provided are kits related to the disclosed com-
positions. In one aspect, the invention relates to a kit com-
prising at least one disclosed polymer, at least one disclosed
nanoparticle or at least one product of a disclosed method. It
is understood that the disclosed kits can be used in connection
with the disclosed methods of using.

[0386] Thus, in one aspect, the invention related to kits
comprising a first degradable polyester nanoparticle and a
first biologically active agent, first pharmaceutically active
agent, or first imaging agent encapsulated within the first
nanoparticle, and one or more of: a second biologically active
agent, second pharmaceutically active agent, or second imag-
ing agent encapsulated within the first nanoparticle, wherein
the first biologically active agent, first pharmaceutically
active agent, or first imaging agent is different from the sec-
ond biologically active agent, second pharmaceutically active
agent, or second imaging agent; or a second degradable poly-
ester nanoparticle and a second biologically active agent,
second pharmaceutically active agent, or second imaging
agent encapsulated within the second nanoparticle, wherein
the first biologically active agent, first pharmaceutically
active agent, or first imaging agent is different from the sec-
ond biologically active agent, second pharmaceutically active
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agent, or second imaging agent; a pharmaceutically accept-
able carrier; or instructions for treating a disorder known to be
treatable by the first biologically active agent or first pharma-
ceutically active agent.

[0387] Inafurther aspect, at least one agent is brominidine
tartrate. In a further aspect, at least one agent is an inhibitor of
VEGF. In a further aspect, at least one agent is an inhibitor of
VEGF-A. In a further aspect, at least one agent is a alpha
agonist, beta blocker, prostaglandin analog, carbonic anhy-
drase inhibitor, antibody, aptamer, or cholinergic. In a further
aspect, at least one agent is selected from triamcinolone,
ranibizumab, bevacizumab, pegaptanib (MACUGEN®), tra-
voprost, bimatoprost, methazolamide, brinzolamide, dor-
zolamide HCI, acetazolamide, memantine, timolol maleate,
betaxolol HCI, levobunolol HCI, metipranolol, timolol hemi-
hydrate, pilocarpine HCI, carbachol, brimonidine tartrate,
apraclonidine HCI, and latanoprost (XALATAN®).

P. Experimental

[0388] The following examples are put forth so as to pro-
vide those of ordinary skill in the art with a complete disclo-
sure and description of how the compounds, compositions,
articles, devices and/or methods claimed herein are made and
evaluated, and are intended to be purely exemplary of the
invention and are not intended to limit the scope of what the
inventors regard as their invention. Efforts have been made to
ensure accuracy with respect to numbers (e.g., amounts, tem-
perature, etc.), but some errors and deviations should be
accounted for. Unless indicated otherwise, parts are parts by
weight, temperature is in © C. or is at ambient temperature,
and pressure is at or near atmospheric.

[0389] 1. Characterization Methods

[0390] 'H NMR spectra were obtained from a Bruker
AC300 Fourier Transform Spectrometer, with CDCl; in TMS
as the solvent. '*C NMR spectra were obtained from a Bruker
AC400 Fourier Transform Spectrometer with CDCI, as the
solvent.

[0391] Gel-permeation chromatography (GPC) was per-
formed on a Waters chromatograph equipped with a Waters
2414 refractive index detector, a Waters 2481 dual X absor-
bance detector, a Waters 1525 binary HPL.C pump, and four 5
mm Waters columns (300 mmx7.7 mm), connected in series
with increasing pore size (100, 1000, 100,000 and 1,000,000
A respectively). All runs were performed with tetrahydrofu-
ran (THF) as the eluent at a flow rate of 1 m[./min.

[0392] For dynamic light scattering (DLS) a Zetasizer
Nano Series instrument with a CGS-3 compact goniometer
system by Malvern Instruments (Malvern Zetasizer
Nanoseries, Malvern, UK) was employed at a fixed angle of
90° at 25° C., taking the average of three measurements. The
particles were diluted with toluene to a concentration of 5-6
mg/mL, which gave the desired number of counts in order to
obtain a good signal-to-noise ratio.

[0393] Samples for transmission electron microscopy
(TEM) imaging were prepared by dissolving 0.5 mg nano-
particles in 1 mL isopropanol and 0.3 mL acetonitrile. The
samples were sonicated for 5 min and were stained with 2
drops of 3% phosphotungstic acid. The carbon grids were
prepared by placing a drop of dispersed particles onto an
Ultrathin Carbon Type-A 400 Mesh Copper Grid (Ted Pella,
Inc., Redding, Calif.) and drying at ambient temperature. A
Philips CM20T transmission electron microscope operating
at 200 kV in bright-field mode was used to obtain TEM
micrographs of the polymeric nanoparticles.
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[0394] Samples were centrifuged at 600 rpm on a Model
CS International Centrifuge from International Equipment
Company (Boston, Mass.).

[0395] 2. Materials

[0396] Reagent chemicals were purchased from Aldrich
(Milwaukee, Wis.), EMD, Alfa-Aesar, Fisher Scientific, and
Acros and used as received, unless otherwise stated. Spectra/
Por® Dialysis membrane and SnakeSkin® Pleated Dialysis
Tubing, regenerated cellulose, were purchased from Spec-
trum Laboratories Inc. and Pierce Biotechnology, respec-
tively. Analytical TLC was performed on commercial Merck
plates coated with silica gel GF254 (0.24 mm thick). Silica
gel for flash chromatography was Merck Kieselgel 60 (230-
400 mesh, ASTM) or Sorbent Technologies 60 A (40-63 um,
technical grade). MAL-dPeg™,-t-boc-hydrazide was
obtained from Quanta Biodesign, Ltd. (Powell, Ohio) and
used as received. Cy3 NHS dye and PD-10 Desalting columns
were received from GE Healthcare (Piscataway, N.J.). Spec-
tra/Por® Biotech Cellulose Ester (CE) Dialysis Membranes
(1,000 MWCO) obtained from Spectrum Laboratories, Inc.
(Rancho Dominguez, Calif.). SnakeSkin® Pleated Dialysis
Tubing (10,000 MWCO) was obtained from Pierce Biotech-
nology, Inc. (Rockford, Il1.). Absolute molecular weight was
determined with static light scattering.

[0397] 3. Synthesis of a-allyl-A-valerolactone (avl) (B)
[0398] A 500 ml. round bottom flask, equipped with stir
bar, was sealed with a septum, purged with nitrogen for 30
minand cooledina dry ice/acetone bath. A solution of lithium
diisopropylamine (2.0 M in THF/heptane/ethyl benzene, 33
ml, 66 mmol) was added to the round bottom flask. A nitro-
gen purged solution of §-valerolactone (5.43 mL., 60 mmol) in
THF (60 ml) was added dropwise via syringe over 1.5 h.
After an additional 30 min of stirring, a solution of allyl
bromide (6.21 mL, 72 mmol) in hexamethylphosphoramide
(12.51 mL, 72 mmol) was added dropwise via syringe over 30
min. The reaction mixture was warmed up to —40° C. using a
dry ice/acetone bath and stirred for 3 h. The reaction was
quenched with excess NH,Cl solution and warmed to room
temperature. The crude product was washed twice with brine,
dried with anhydrous magnesium sulfate and concentrated
via rotary evaporator. Column chromatography using CH,Cl,
gave a viscous yellow product. Yield: 3.4262 g (41%). 'H
NMR (300 MHz, CDCL/TMS, ppm) & 5.7 (m, 1H,
H,C—CH—), 5.08 (m, 2H, H,C—CH—), 4.28 (m, 2H,
—C(0O)OCH,—), 2.53-2.58 (m, 2H, H,C—CHCH,—), 2.27
(m, 1H, H,C—CHCH,CH—), 2.06 (m, I1H,
H,C—CHCH,CHCH,—), 1.89 (m, 2H, C(O)OCH,CH,—),
1.55 (m, 1H, H,C=CHCH,CHCH,—); '*C NMR (400
MHz, CDCl;, ppm) d: 173.8 (—C(0)0—), 135.0
(H,C—CH—), 1174 (H,C—CH—), 684 (—C(0)
OCH,—), 39.2 (H,C—CHCH,CH—), 35.4
(H,C—CHCH,—), 240 (—CH,CH,CH,—), 219
(—CH,CH,CH,—).

[0399] 4. Synthesis of Copolymer poly(vl-avl) (Ab)
[0400] A 50 mL 3-necked round bottom flask, equipped
with stir bar, was sealed with two septa and a gas inlet. The
flask was evacuated and refilled with nitrogen three times.
Stock solutions of 1.7 M ethanol (EtOH) in THF and 3.7x
102 M tin(II) 2-ethylhexanoate (Sn(Oct),) in THF were
made insealed N, purged flasks. Solutions of EtOH (0.32 mL,
5.410%x107* mmol) and Sn(Oct), (0.30 mL, 1.12x107> mmol)
were combined in the nitrogen purged 50 ml flask. After
stirring the mixture for 30 min, a-allyl-d-valerolactone (1.16
g, 8.32 mmol) and d-valerolactone (vl, 2.5 g, 24.97 mmol)
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were added. The reaction vessel stirred in a 105° C. oil bath
for 48 h. Residual monomer and catalyst were removed by
dialyzing  with  Spectra/Por®  dialysis membrane
(MWCO=1000) against CH,Cl, to give a golden brown poly-
mer. Yield: 3.2398 g (88%). M, =4834 Da, PDI=1.17; 'H
NMR (300 MHz, CDCL/TMS, ppm) & 5.7 (m,
H,C—CH—), 5.09 (m, H,C—CH—), 4.09 (m, —CH,—
0—), 3.65 (m, CH,CH,0—), 2.35 (m, vl, —CH,CH,C(O)
O—, avl, H,C—CHCH,CH—, H,C—CHCH,CH—), 1.68
(m, avl & vl, —CHCH,CH,—), 1.25 (t, CH;CH,0—); '*C
NMR (400 MHz, CDCl;, ppm) &: 174.6 (avl, —C(O)—),
1727 (1, —C(O)—), 1346 (H,C—CH—), 1164
(H,C—CH—), 63.3,44.3,35.9,33.1, 27.5, 25.9, 23.6, 20.9.

[0401]
©

[0402] A 250 ml. round bottom flask, equipped with stir
bar, was sealed with a septum, purged with nitrogen for 30
min and cooled ina dry ice/acetone bath. A solution of lithium
diisopropylamine (2.0 M in THF/heptane/ethyl benzene, 22
ml, 44 mmol) was added to the flask. A nitrogen purged
solution of §-valerolactone (3.62 mL, 40 mmol) in THF (40
ml.) was added dropwise via syringe over 1.5 h. After an
additional 30 min of stirring, a solution of propargyl bromide
(4.34 mL, 48 mmol) in hexamethylphosphoramide (8.4 mL,
48 mmol) was added dropwise via syringe over 20 min. The
reaction mixture was warmed up to -30° C. using a dry
ice/acetone bath and stirred for 3 h. The reaction was
quenched with excess NH,Cl solution and warmed to room
temperature. The crude product was washed twice with brine,
dried with anhydrous magnesium sulfate and concentrated
via rotary evaporator. Column chromatography with CH,Cl,
gave a viscous yellow product. Yield: 2.8194 g (50.6%). 'H
NMR (300 MHz, CDCL,/TMS, ppm) d: 4.35 (m, 2H, —C(O)
OCH,—), 2.69 (m, 2H, —C(O)CHCH,CCH), 2.53 (m,
1H—C(O)CHCH,CCH), 2.29 (m, 1H, —CHCH,CH,—),
2.05 (s, 1H, HC=CCH,—), 1.96 (m, 2H,—CHCH,CH,—),
1.74 (m, 1H, —CHCH,CH,—); >C NMR (400 MHz,
CDCl;, ppm) d: 172.8,80.8,70.1,68.5,38.5,23.8,21.7,20.4.

[0403]

[0404] A 50 mL 3-necked round-bottom flask, equipped
with stir bar, was sealed with two septa and a gas inlet. The
flask was evacuated and refilled with nitrogen three times.
Stock solutions of 1.7 M ethanol in THF and 3.7x107*M
Sn(Oct), in THF were made in sealed N, purged flasks. Solu-
tions of ethanol (0.21 mL, 3.69x10~" mmol) and Sn(Oct),
(0.20 mL, 5.41x10~> mmol) were combined in the nitrogen
purged 50 mL flask. After stirring the mixture for 30 min,
a-allyl-6-valerolactone (0.8 g, 5.7 mmol), d-valerolactone
(1.26 g, 12.6 mmol) and a.-propargyl-d-valerolactone (0.63 g,
4.6 mmol) were added. The reaction vessel stirredina 105° C.
oil bath for 48 h. Residual monomer and catalyst were
removed by dialyzing with Spectra/Por® dialysis membrane
(MWCO=1000) against CH,Cl, to give a golden brown poly-
mer. Yield: 2.25 g (84%). M,,=3500 Da, PDI=1.26; 'H NMR
(300 MHz, CDCl,/TMS, ppm) d: 5.71 (m, H,C—CH—),
5.03 (m, H,C—CH—), 4.08 (m, —CH,0—), 3.65 (m,
CH,CH,0—), 2.55 (m, pvl, —C(O)CH—, —CHCH,CCH),
2.45 (m,—CH,CCH), 2.34 (m, vl, —CH,CH,C(O)O—, avl,
H,C—CHCH,CH—, H,C—CHCH,CH—), 2.02 (m, pvl,
—C=CH), 1.68 (m, pvl, avl & vl, —CHCH,CH,—), 1.259
(t, CH,CH,O0—); >C NMR (400 MHz, CDCl,, ppm) 3:
174.6,172.7,133.6,117.2,80.7, 69.9, 63.3, 44.3,35.9,33.1,
27.5,25.9,23.6, 20.9.

5. Synthesis of a.-propargyl-A-valerolactone (pvl)

6. Synthesis of Copolymer poly (vl-avl-pvl) (AbC)
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[0405] 7. Synthesis of 2-oxepane-1,5-dione (opd) (D)
[0406] A 100 mlL round bottom flask, equipped with stir
bar, was charged with 1,4-cyclohexanedione (2.0 g, 17.84
mmol) and 3-chloroperoxybenzoic acid (4.5 g, 26.08 mmol).
Dichloromethane (22 mL.) was added and the reaction mix-
ture stirred and refluxed for 3 h at 40° C. The reaction mixture
was cooled to room temperature and dried with anhydrous
MgSO,. Solvent was removed via rotary evaporation. The
crude product was washed three times with cold diethyl ether
(100 mL for each wash) and dried in vacuo at room tempera-
ture. Yield: 1.4814 g (64.7%). 'H NMR (300 MHz, CDCl,/
TMS, ppm) d: 4.4 (t, 2H, —C(O)OCH,CH,C(0)—), 2.84
(dd, 2H,—CH,C(0)0—),2.72 (m,4H,—CH,C(O)CH,—);
13C NMR (400 MHz, CDCl,, ppm) 8: 204.9 (—C(O)—),
173.3 (—C(0)0—), 63.3 (—CH,0—), 44.7 (—OCH,CH,C
(0)), 38.6 (—C(O)CH,CH,C(0O)—), 27.9 (—CH,C(0)
0—).

[0407] 8. Synthesis of Copolymer poly(vl-avl-opd) (AbD)
[0408] To a 50 mL 3-necked round bottom flask, equipped
with stir bar, condenser, nitrogen purge and septa, 2-oxepane-
1,5-dione (0.6987 g, 5.45 mmol) and dry toluene (4 mL.) was
added. The mixture stirred in an oil bath at 70° C. to dissolve
the monomer. Upon dissolving, d-valerolactone (1.5 g, 14.98
mmol), a-allyl-8-valerolactone (0.9546 g, 6.81 mmol), abso-
lute ethanol (0.0205 g, 4.4x10~! mmol) and Sn(Oct), (0.0119
g, 2.73x1072 mmol) were then added to the reactor and the
mixture was heated for 48 h at 110° C. Residual monomer and
catalyst were removed by dialyzing with Spectra/Por® dialy-
sis membrane (MWCO=1000) against CH,Cl, to give a
golden brown polymer. Yield: 2.6894 g (85%). M, =4858 Da,
PDI=1.27; '"H NMR (300 MHz, CDC1,/TMS, ppm) §: 5.72
(m, H,C—CH—), 5.06 (m, H,C—CH—), 434 (m,
—CH,CH,C(O)CH,CH,0—), 4.08 (m, —CH,0—), 3.67
(m, —OCH,CH,), 2.78 (m, opd, —OC(O)CH,CH,C(O)
CH,—), 2.58 (m, opd, —OC(O)CH,CH,C(O)CH,—), 2.34
(m, vl, —CH,CH,C(0)O—, avl, H,C—CHCH,CH—,
H,C—CHCH,CH—), 1.66 (m, avl & vl, —CHCH,CH,—),
1.25 (t, —CH,CH,); '*C NMR (400 MHz, CDCl,, ppm) &:
204.9, 175.2, 173.7, 173.2, 135.0, 117.0, 63.9, 44.8, 36.4,
33.6,28.0, 26.3, 21.3.

[0409] 9. Synthesis of Copolymer poly(vl-avl-pvl-opd)
(AbCD)

[0410] To a 25 mL 3-necked round bottom flask, equipped
with stir bar, 2-oxepane-1,5-dione (0.2626 g, 2.05 mmol) was
added and the flask was sealed with two septa and a gas inlet.
The flask was evacuated and refilled with argon three times.
Dry toluene (1.25 ml.) was added and the mixture stirred in an
oil bath at 70° C. to dissolve the monomer. Upon dissolving,
Sn(Oct), (0.0018 g, 4.41x10> mmol in 0.15 mL dry toluene),
absolute ethanol (12.8 L, 2.22x10~! mmol), §-valerolactone
(0.62 g, 6.2 mmol), a-allyl-6-valerolactone (0.38 g, 2.69
mmol), and a-propargyl-d-valerolactone (0.38 g, 2.73 mmol)
were added. The temperature of the oil bath was increased to
105° C. and the mixture stirred for 50 h. Residual monomer
and catalyst were removed by dialyzing with Spectra/Por®
dialysis membrane (MWCO=1000) against CH,Cl, to give a
golden brown polymer. Yield: 1.31 g (80%). M, =3525 Da,
PDI=1.27; '"H NMR (300 MHz, CDC1,/TMS, ppm) §: 5.86
(m, H,C—CH—), 5.09 (m, H,C—CH—), 4.34 (m, opd,
—CH,CH,C(O)CH,CH,0—), 4.08 (m, avl, pvl & VI,
—CH,0—),3.65 (m, —OCH,CH3,), 2.74 (m, opd, —OC(O)
CH,CH,C(O)—), 2.60 (m, opd, —CH,CH,C(O)
CH,CH,—, pvl, —OC(O)CH—, —CHCH,CCH), 2.50 (m,
CHCH,CCH), 2.34 (m, vl, —CH,CH,C(O)O—, avl,
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H,C—CHCH,CH—, H,C—CHCH,CH—), 202 (m,
HC=—C—), 1.68 (m, pvl, avl & vl, —CHCH,CH,—), 1.25
(m, —CH,CH,).

[0411]

[0412] Ina 200 mL round bottom flask, equipped with stir
bar, poly(vl-avl) (2.7389 g, 6.12 mmol) was dissolved in 37
ml, of CH,Cl,. To this solution, 3-chloroperoxybenzoic acid
(2.0903 g, 12.11 mmol) was added slowly. The mixture was
stirred for 72 h at room temperature and then concentrated via
rotary evaporator. The crude product was dissolved in a mini-
mal amount of THF (5 mL) and poured into a round-bottomed
flask containing 1 L diethyl ether. The solution was kept
overnight at 0° C. and a white solid was obtained. The solu-
tion was decanted off and the solid was dried in vacuo to
obtain poly(vl-evl). Yield: 1.9467 g (71%). *H NMR (300
MHz, CDCL/TMS, ppm) &: The significant change is the
disappearance of the allylic protons at 5.7 and 5.09 ppm and
the appearance of small broad resonance peaks at 2.96, 2.75
and 2.47 ppm due to the formation of the epoxide ring. All
other aspects of the spectrum are similar.

[0413] 11. General Procedure for Nanoparticle Formation

[0414] In a 100 mL three-necked round bottom flask
equipped with stir bar, condenser and septa, a solution of
2,2'-(ethylenedioxy)diethylamine (39.3 pL, 2.68x10* mol) in
27.6 ml. CH,Cl,. A solution of poly(vl-evl) (0.1330 g,
M, =4834 Da, PDI=1.17) dissolved in CH,Cl, (0.18 mL.) was
added dropwise via a peristaltic pump at 13 m[/min with
vigorous stirring. The mixture was heated at reflux for a total
of 12 h. Residual diamine was removed by dialyzing with
SnakeSkin® Pleated Dialysis Tubing (MWCO0=10,000)
against dichloromethane. '"H NMR (300 MHz, CDCl,/TMS,
ppm) &: The significant change is the disappearance of the
epoxide protons at 2.96, 2.75 and 2.47 ppm and the appear-
ance of signals at 3.5 and 2.89 ppm corresponding to the
protons neighboring the secondary amine of the PEG linker
after cross-linking. All other aspects of the spectrum are
similar.
[0415]

[0416] Nanoparticles can be titrated with a strong acid to
determine amine content. As shown in Table 2, several poly
(vl-evl) (AB) nanoparticle samples were titrated with per-
chloric acid to determine the weight percentages (wt %) of
primary amine and secondary amine in the three samples that
we analyzed with transmission electron microscopy. The
three samples (shown in Table 2) titrated have the following
size dimensions by DLS: 58.06, 255.7 and 425.1 nm.

10. General Procedure for Oxidation of Copolymers

12. Determination of Amine Content

TABLE 2

Correlation of particle size and amine content

AB Nanoparticle Primary Secondary
size (nm) amine wt % amine wt %
58.06 0.008% 0.031%
255.7 0.025% 0.098%
425.1 0.055% 0.20%

[0417]

[0418] While nanoparticles are typically prepared with a
single type of polymer or copolymer, nanoparticles have also
been successfully produced from a mixture of poly(vl-evl-
pvl) and poly(vl-evl-opd). Such nanoparticles are tabulated in
Table 3.

13. Nanoparticles Formed by Co-Polymerization
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TABLE 3

Nanoparticles formed from two polymers

Diameter (nm)

Amine/1 Poly(vl-evl-pvl) with
Epoxide poly(vl-evl-opd)
4 43.7£4.50
8 94.15 £ 6.85
[0419] 14. Varying Comonomer Content
[0420] The properties of nanoparticles can be further tai-

lored by incorporating different percentages of epoxy-06-vale-
rolactone (evl) into the polymer backbone. The data summa-
rized in Table 4, below, shows the nanoparticles made from
the linear poly(vl-evl) with 2% evl, 7% evl, and 19% evl.
These data show that, as the % evl is decreased to 2% in the
linear polymer, smaller nanoparticles can be obtained. As the
% evlis increase to 19%, the resulting nanoparticles are larger
but have a small deviation in comparison to the larger nano-
particles made from poly(vl-evl) with 7% evl.

TABLE 4

Effect of varying comonomer content

Diameter (nm)

Diameter (nm) Poly(vl-evl) Diameter (nm)
Amine/ Poly(vl-evl) 7% evl Poly(vl-evl)
1 Epoxide 2% evl AB 19% evl
3 7.02 £1.05 82.1 £5.73 179.9 = 18.0
4 19.04 +1.32 115.6 +25.4 225.6 £22.5
5 33.55+1.93 255.7 £60.3 299.0 £31.2
6 48.66 = 3.18 3422 £52.2 409.1 £42.7
8 84.89 +10.47 425.1 = 100 843.3 £ 88.0
[0421] The relationship between reaction stoichiometry

and particle size for varying comonomer content is further
illustrated in FIG. 17-FIG. 19.

[0422] 15. Addition of ethylenediamine 2-vinylsulfonyl-
ethyl carbonate to ABD (poly(vl-evl-opd)) Nanoparticles
[0423] Ina 100 mL round bottom flask, equipped with stir
bar, ABD nanoparticles (0.0846 g, 2.45x10™* mmol) were
dissolved in 12.5 mL of CH,Cl,. To this solution, ethylene-
diamine 2-(vinylsulfonyl)-ethyl carbonate in methanol
(0.0152 g in 69 uL methanol, 5.89x10~2 mmol) was added.
Sodium cyanoborohydride (0.0111 g, 1.76x10~" mmol) was
dissolved in 12.5 mL methanol and added to the round bottom
flask. The pH of the reaction mixture was adjusted to a pH of
6.5 with aqueous 1 M NaOH and 1 M HCI. The mixture was
stirred for 25 h at room temperature and then dialyzed with
SnakeSkin® Pleated Dialysis Tubing (MWCO=10,000)
against 1:1 dichloromethane/methanol. Successful attach-
ment of the linker was observed by the appearance of signals
6.7 ppm and 6.9 ppm (*HNMR, 300 MHz, CDC1,/TMS) due
to the vinyl protons of the linker.

[0424] 16. Attachment of GV-13-Alexafluor750 to ABD
Nanoparticles
[0425] Inasmall vial, equipped with a stir bar, linker modi-

fied nanoparticles (L-ABD) (29.9 mg) were dissolved in 800
ul, PBS bufter (pH 7.2) and 700 pL. dimethylformamide. To
this solution, 251 pulL GV-13-Alexafluor (0.44 mg in 150 pl
PBS buffer and 26.5 ul. DMF) was added to the vial via
micropipette. After 45 min of stirring at room temperature,
GV-13 (2.08 mg, 1.9x10~ mmol) dissolved in 200 pL PBS
buffer was added. The reaction mixture stirred for 24 h in

98
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aluminum covered beaker. The resulting mixture was purified
with concentrating tubes (MWCO=10,000) to remove excess
GV-13 and GV-13-Alexafluor. The purified product was con-
centrated via rotary evaporator. Successful attachment of
peptide and dye was observed by the presence of a bright blue
color due to the dye. "H NMR also shows the presence of the
peptide.

[0426]

[0427] Commercial reagents were obtained from commer-
cial sources (Aldrich, EMD, Alfa-Aesar, Fisher Scientific,
and Acros) and used without further purification. Analytical
TLC was performed on commercial Merck plates coated with
silica gel GF254 (0.24 mm thick) and spots located by UV
light (254 and 366 nm). Silica gel for flash chromatography
was Merck Kieselgel 60 (230-400 mesh, ASTM) or Sorbent
Technologies 60 A (40-63 um, technical grade). MAL-
dPeg™,,-t-boc-hydrazide was obtained from Quanta Biode-
sign, Ltd. (Powell, Ohio) and used as received. Cy3 NHS dye
and PD-10 Desalting columns were received from GE
Healthcare (Piscataway, N.J.). Spectra/Por® Biotech Cellu-
lose Ester (CE) Dialysis Membranes (1,000 MWCO)
obtained from Spectrum Laboratories, Inc. (Rancho
Dominguez, Calif.). SnakeSkin® Pleated Dialysis Tubing
(10,000 MWCO) was obtained from Pierce Biotechnology,
Inc. (Rockford, I11.).

[0428]

[0429] Samples were centrifuged at 600 rpm on a Model
CS International Centrifuge from International Equipment
Company (Boston, Mass.). Reverse-phase high performance
liquid chromatography (RP-HPLC) was carried out with a
Varian Prostar HPLC. The products were eluted using a sol-
vent gradient (solvent A=0.05% TFA/H,0O; solvent B=0.05%
TFA/CH;CN). Nuclear magnetic resonance was performed
on Bruker AC300 and AC400 Fourier Transform Spectrom-
eters using deuterated solvents and the solvent peak as a
reference. Gel permeation chromatography was performed in
tetrahydrofuran (THF) with the eluent at a flow rate of 1
ml./min on a Waters chromatograph equipped with four 5 mm
Waters columns (300 mmx7.7 mm) connected in series with
increasing pore size (100, 1000, 100,000 and 1,000,000 A
respectively). A Waters 2487 Dual X Absorbance Detector
and a 2414 Refractive Index Detector were employed.
Dynamic light scattering was performed on a Malvern Zeta-
sizer Nanoseries instrument with a CGS-3 compact goniom-
eter system.

[0430]

[0431] To a solution of dimethoxyethane (40 mL) was
added MeNO, (11.37 mL, 200 mmol) followed by Triton B (2
mL). The mixture was heated to 67° C. and then tert-butyl
acrylate (91.83 mL, 620 mmol) was added to maintain the
temperature at 75° C. When the temperature started to
decrease, additional Triton B (1 mL) was added. After the
addition was completed, the solution was heated to maintain
at 75° C. for 2 hours. The solvent was removed in vacuo and
the residue was dissolved in CHCI; and the resulting organic
solution was washed with 10% HCI, brine, and dried over
anhydrous Na,SO,. Removal of the solvent in vacuo gave a
crude solid that was further purified by recrystallization from
EtOH to obtain a colorless crystal (95% yield). '"H NMR
(CDCl,): 81.44 (s, CH,, 27H), 2.21 (m, CH,, 12H). C NMR
(CDCl,): 27.93 (CH,), 29.68 (CH,CO), 30.22 (CCH,), 81.02
(CCH,), 92.09 (CNH,), 170.97 (CO,).

General.

Instrumentation:

17. Synthesis of Compound 1
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[0432] 18. Synthesis of Compound 2

[0433] A solution of compound I (6.0 g, 0.0135 mol) in a
mixture of ethanol (140 mL) and dichloromethane (20 mL)
was added to a Parr hydrogenation bottle. Then, 4 grams of
Raney-nickel was added. The mixture was hydrogenated at
50 psi and room temperature. The reaction was monitored by
thin-layer chromatography (TLC) until the starting material
disappeared. The catalyst was carefully filtered through
Celite, and the solvent was removed in vacuo yielding a crude
solid. The residue was dissolved in dichloromethane and
washed with saturated NaHCO, and water, and then dried
over anhydrous Na,SO,. Removal of dichloromethane gave a
white solid (93%). 'H NMR (CDCl,): 81.44 (s, CH,, 27H),
1.95 (1, CH,, 6H), 2.43 (t, CH,, 6H); *C NMR (CDCl,):
27.98 (CH,), 29.46 (CH,CO), 31.47 (CCH,), 56.99 (CNH,),
80.96 (CCH,), 172.30 (CO,).

[0434] 19. Synthesis of Compound 4

[0435] To a solution of compound 3 (0.65 g, 2.35 mmol) in
50 mL dry THF the following reagents were added 1-hy-
drobenzotriazole (HOB?) (0.96 g, 7.10 mmol), DCC (1.46 g,
7.10 mmol) and then 2 (3.54 g, 8.5 mmol). The solution was
stirred at room temperature and the reaction was monitored
by TLC. After 40 hrs, the white precipitate was filtered and the
solution was concentrated to yield a crude residue. The prod-
uct was purified by column chromatography (silica gel, hex-
ane:ethyl acetate=3:2) yielding a white solid (85%). "HNMR
(CDCl,): 81.44 (m, CH,, 81H), 1.95 (m, CH,, 18 H), 2.21 (m,
CH,, 30H), 6.20 (s, NH, 3H); *C NMR (CDCl,): 28.04,
29.74, 29.85, 31.28, 57.56, 80.69, 92.47, 170.46, 172.76.
[0436] 20. Synthesis of Compound 5

[0437] A solutionofcompound 4 (1.47 g, 1 mmol)in 15 mL
of formic acid was stirred at room temperature overnight.
After the solution was concentrated, toluene was added and
the solution was evaporated to remove any residue of formic
acid to give a white solid (100%). "H NMR (DMSO):  1.81
(m, CH,, 18 H), 2.11 (m, CH,, 30H), 7.29 (s, NH, 3H), 12.10
(br, COOH); '*C NMR (DMSO): 28.03, 29.03, 30.08, 56.41,
93.31, 170.43, 174 .42.

[0438] 21. Synthesis of Compound 6

[0439] To asolution of compound 5 (2.12 g, 0.0022 mol) in
DMF (30 mL), HOBt (2.68 g, 0.0198 mol) and DCC (4.09 g,
0.0198 mol) were added. The mixture was chilled to 0° C.
with ice-water bath. Then, a solution of N-Boc-ethylenedi-
amine (3.49 g, 0.0218 mol) in DMF (5 mL) was added drop-
wise at 0° C. The reaction mixture was stirred at room tem-
perature for 48 hrs. The solution was then filtered and 200 mL
of dichloromethane was added, and washed with 1N HCI,
saturated NaHCO;, and water. The organic phase was dried
over anhydrous Na,SO4 and evaporated to yield a crude
residue. The product was purified by column chromatography
(eluted first with 2% methanol in dichloromethane, then with
6% methanol in dichloromethane, followed by 10% methanol
in dichloromethane) to obtain a white solid (51%). *"H NMR
(CD;0D): 8 1.44 (m, CH;, 81H), 1.80-2.10 (m, CH,, 48 H),
3.0-3.2 (m, CH,, 36H), 6.20 (m, NH, 3H), 6.46 (m, NH, 8H),
7.71 (m, NH, 8H); '*C NMR (CD,0D): 28.40, 31.24, 31.44,
31.80, 32.09, 40.66, 40.97, 59.14, 80.13, 94.42, 158.48, 173.
48, 175.91. This white solid was then dissolved in 40 mL of
1,4-dioxane. At 0° C., 40 mL of 4 M HCI in dioxane was
added to the solution under Ar atmosphere and stirred at room
temperature for 1 hr. Removal of the solvent gave a white
solid as the deprotected HCl salt (100%). "H NMR (D,O): §
1.70-2.15 (m,CH,, 48 H), 3.30 (m, CH,, 18H), 3.36 (m, CH,,
18H); °C NMR (D,0): 27.61, 27.98, 28.86, 35.11, 37.41,
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56.29, 92.01, 171.84, 174.98. 1.53 g (0.92 mmol) of the
resulting HCl salt was dissolved in 80 mL of methanol. At 0°
C.,3.5mL of Et;N was added to the solution, followed by the
addition of N,N'-diBoc-N"-triflylguanidine (4.2 g, 10.73
mmol). The solution was stirred at room temperature for 24
hr. After removal of the solvent, the residue was dissolved in
dichloromethane and washed with water, 1N HCI, saturated
NaHCO;, and water. The organic layer was dried over anhy-
drous Na,SO, and removed in vacuo. The residue product
was purified by column chromatography (eluted with 2%
methanol in dichloromethane, then 10% methanol in dichlo-
romethane) to give a white solid (90%) as compound 6. 'H
NMR (CD,0D): 8 1.45 (m, CH,, 81H), 1.51 (m, CHj, 81H),
1.90-2.25 (m, CH,, 48 H), 3.30-3.52 (m, CH,, 36H); >C
NMR (CD,0D): 28.37, 28.67, 31.32, 31.67, 32.06, 39.74,
41.24, 59.02, 80.23, 84.35, 94.31, 153.91, 157.737, 164.38,
17333, 175.87.

[0440] 22. Synthesis of Compound 7

[0441] To a solution of compound 5 (1.2, 0.001245 mol),
HOBt (1.514 g,0.0112 mol) and DCC (2.311 g, 0.0112 mol)
were added in 20 mL of DMF. Then, N-Boc-1,6-diaminohex-
ane (2.66 g, 0.0123 mol) was dissolved in 5 mL. of DMF
dropwise at 0° C. The solution was then stirred at room
temperature for 48 hrs. The solution was then filtered and 200
mL of dichloromethane was added, and washed with 1N HCI,
saturated NaHCO;, and water. The organic phase was dried
over anhydrous Na,SO, and evaporated to yield a crude resi-
due. The product was purified by column chromatography
(eluted first with 2% methanol in dichloromethane, then with
5% methanol in dichloromethane, followed by 10% methanol
in dichloromethane) to obtain a white solid (45%). "H NMR
(CD,OD): § 1.2-1.6 (m, CH,, CH,, 153H), 1.80-2.10 (m,
CH,, 48H), 3.0-3.2 (m, CH,, 36H); '*C NMR (CD,OD):
27.54,28.85,30.37,30.90,31.28,31.60,32.14,40.58,41.24,
59.13,79.30, 94.30, 158.49, 173.50, 175.56. This white solid
was then dissolved in 40 mL of 1,4-dioxane. At 0° C., 40 mL
of 4 M HCl in dioxane was added to the solution under Ar
atmosphere and stirred at room temperature for 1 hr. Removal
of the solvent gave a white solid as the deprotected HCI salt
(100%). 'HNMR (D,0): § 1.10-1.60 (m, CH,, 72 H), 1.7-2.2
(m, CH,, 48H), 3.30 (m, CH,, 18H), 3.36 (m, CH,, 18H).
0.838 g (0.385 mmol) of the resulting HCl salt was dissolved
in 80 mL of methanol. At 0° C., 1.45 mL of Et;N was added
to the solution, followed by the addition of N,N'-diBoc-N"-
triflylguanidine (1.765 g, 4.51 mmol). The solution was
stirred at room temperature for 24 hr. After removal of the
solvent, the residue was dissolved in dichloromethane and
washed with water, IN HCI, and water. The organic layer was
dried over anhydrous Na,SO, and removed in vacuo. The
residue product was purified by column chromatography
(eluted with 2% methanol in dichloromethane, then 10%
methanol in dichloromethane) to give a white solid (90%) as
compound 7. 'H NMR (CD,0D): 'H NMR of 9 (CD,0D): §
1.15-1.55(m, 234H), 1.70-2.15 (m, CH,, 48H), 3.29-3.30 (m,
CH.,, 36H); *C NMR (CD,0D): 27.70, 27.62, 28.33, 28.67,
30.08, 30.33, 31.30, 31.60, 40.48, 40.62, 41.27, 54.5, 59.14,
80.25, 84.40, 154.22, 157.49, 164.53, 173.50, 175.53.
[0442] 23. Synthesis of Compound 8 and 9

[0443] Compound 6 (or 7, 0.10 mmol) was dissolved in 40
ml, of ethanol and transferred into a hydrogenation bottle
containing 5 g of Raney-Nickel catalyst. The solution was
hydrogenated at room temperature at 65 psi and monitored by
TLC. The catalyst was filtered through Celite. The solvent
was removed in vacuo to give a white solid 8 or 9 (80%). 'H
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NMR of 8 (CD,0OD): 8 1.46 (m, CH,, 81H), 1.51 (m, CHs;,
81H), 1.90-2.25 (m, CH,, 48H), 3.30-3.55 (m, CH,, 36H);
13C NMR (CD,OD): 2837, 28.67, 31.40, 31.76, 39.76,
41.27, 54.0, 58.86, 80.32, 84.37, 153.97,157.81, 164 .4, 175.
61,176.02. "H NMR of 9 (CD;0D): § 1.20-1.70 (m, 234H),
1.85-2.40 (m, CH,, 48 H), 3.10-3.50 (m, CH,, 36H); *C
NMR (CD,0D): 27.01, 27.18, 28.27, 28.53, 29.42, 29.71,
30.15, 30.88, 31.19, 40.03, 41.23, 54.3, 58.21, 79.93, 83.84,
153.62, 156.65, 163.83, 175.77.

[0444] 24. Synthesis of Compound FD-1

[0445] FITC (0.14 g, 0.36 mmol), dissolved in 1 mL of
DMF, was added to a solution of compound 8 (0.23 g, 0.066
mmol) in a mixture of DMF and dichloromethane. The solu-
tion was chilled to 0° C., to which Et;N (0.092 mL, 0.66
mmol) was added. The mixture was stirred overnight at room
temperature. After removal of DMF in vacuo, the residue was
dissolved in dichloromethane and washed with 1IN HCI and
water. The dichloromethane layer was dried over anhydrous
Na,SO, and concentrated to obtain a yellow solid. "H NMR
(CD;0D): 8 1.46 (m, CHj;, 81H), 1.51 (m, CH;, 81H), 1.90-
2.25 (m, CH,, 48 H), 3.30-3.55 (m, CH,, 36H), 6.52-6.72 (br,
4H), 7.15 (br, 1H), 7.5 (br, 2H), 7.72 (br, 1H), 8.4 (br, 1H).
The resulting yellow solid (200 mg, 0.052 mmol) was dis-
solved in 10 mL of 1,4-dioxane. At 0° C., 10 mL of 4 M HC1
in dioxane was added to the solution under Ar protection and
stirred at room temperature overnight. After evaporation of
the solvent in vacuo, the product was dissolved in water and
the insoluble precipitate was filtered. Removal of water
yielded a crude yellow solid, which was further purified by
RP-HPLC using a solvent gradient (solvent A=0.05% TFA/
H,0; solvent B=0.05% TFA/CH;CN) to obtain compound
10. 'H NMR (D,0): 8 1.85-2.30 (m, CH,, 48 H), 3.10-3.30
(m, CH,, 36H), 6.9 (br, 2H), 7.10-7.2 (m, 3H), 7.4 (s, 2H), 7.5
(br, 1H), 8.1 (s, 1H).

[0446] 25. Synthesis of Compound FD-2

[0447] FITC (0.016 g, 0.0376 mmol), dissolved in 1 mL of
DMF, was added to a solution of compound 9 (0.050 g, 0.0125
mmol) in a mixture of DMF and dichloromethane (1:1). The
solution was chilled to 0° C., to which Et;N (12 pL.) was
added. The mixture was stirred overnight at room tempera-
ture. After removal of DMF in vacuo, the residue was dis-
solved in dichloromethane and washed with 1IN HCI and
water. The dichloromethane layer was dried over anhydrous
Na,SO, and concentrated to obtain a solid. The product was
dissolved in methanol and purified by dialysis with
Spectro®Por Biotech RC membranes (MWCO 3500). After
removal of the methanol, a yellow solid was obtained. 'H
NMR (CD,0OD): § 1.20-1.7 (m, CH;, CH,, 234H), 1.89-2.30
(m, CH,, 48 H), 3.10-3.40 (m, CH,, 36H), 6.52-6.72 (br, 4H),
7.15 (br, 1H), 7.5-7.72 (br, 3H), 8.1 (br, 1H). The resulting
yellow solid (200 mg, 0.052 mmol) was dissolved in 10 mL. of
1,4-dioxane. At 0° C., 10 mL of 4 M HCI in dioxane was
added to the solution under Ar protection and stirred at room
temperature overnight. The precipitate was filtered out and
dried in vacuo. The obtained yellow solid was dissolved in
water and lyophilized to yield compound 11. "HNMR (D,O):
8 1.1-1.50, (m, CH,, 72H), 1.50-2.20 (m, CH,, 48 H), 3.10-
3.30 (m, CH,, 36H), 6.5-6.7 (br, 6H), 7.10 (m, 1H), 7.5 (br,
3H).

[0448] 26. Examples FD-1 and FD-2

[0449] As examples of the compounds of the invention, two
non-peptidic fluorescently labeled Newkome-type dendrim-
ers, differentiated over a varied alkylspacer with guanidine
end moieties, were designed and synthesized. The assessment
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of'internalization into mammalian cells using NIH-3T3 fibro-
blasts and human microvascular endothelial cells (HMEC)
showed that the spacer length at the terminal generation ofthe
dendrimers can affect direction of cargo molecules precisely
into specific subcellular compartments (e.g., nucleus or cyto-
sol). Such direction can be particularly advantageous for the
controlled intracellular delivery of bioactive cargo molecules
into targeted locations.

[0450] The two exemplary FITC-dendrimer conjugates
were found to be highly water soluble and were further inves-
tigated for their capability to translocate through the cell
membrane. Internalization of FD-1 and FD-2 in mammalian
cells was assessed using two different cell lines and a previ-
ously described method [Futaki, S.; Nakase, 1.; Suzuki, T.;
Youjun, Y.; Sugiura, Y. Biochemistry 2002, 41, 79251 with
NIH-3T3 fibroblasts and HMEC (human microvascular
endothelial cells) and a Zeiss LSM 510 confocal microscope.
FIG. 21 shows the time course of uptake of FD-1 and FD-2
into NIH-3T3 Fibroblasts at 37° C. The fluorescence was
clearly observed within the cells 2.5 min after the addition of
conjugates to the medium, which is comparable to the uptake
rate of Tat-peptide. [Futaki, S.; Nakase, 1.; Suzuki, T.; Youjun,
Y.; Sugiura, Y. Biochemistry 2002, 41, 7925.; Vivés, E.; Bro-
din, P.; Lebleu, B. I. Biol. Chem. 1997, 272, 160101 Further-
more, the extent of internalization increased in an incubation
time-dependent manner, and it was observed that after just 10
min, the fluorescence intensity of cells treated with FD-2 was
near saturation. However, the fluorescence intensity of cells
treated with FD-1 did not approach saturation until the longer
time points (45 min ~2 hr). Additionally, FD-1 and FD-2
exhibited differential patterns of subcellular localization, as
FD-1 appeared to concentrate in the nucleus while FD-2
appeared to concentrate in the cytosol. Without wishing to be
bound by theory, it is believed that the length of the spacer at
the terminal generation of the dendrimer can not only control
the uptake rate, [Wender, P. A.; Kreider, E.; Pelkey, E. T;
Steinman, L.; Rothbard, J. B.; VanDeusen, C. L. Org. Lett.
2005, 7, 48151 but also regulate the subcellular localization
of the molecule and its putative cargo. For instance, the
uptake levels of FD-2 appeared to be generally stronger than
those of FD-1 after the same incubation time at the same
concentration. Therefore, the dendrimer with a hexyl spacer
crosses the cell membrane faster than the molecule with an
ethyl chain. On the other hand, the localization patterns can
also be controlled by the length of the spacer. FD-1 with the
short spacer appeared to be localized everywhere in the cell,
but highly concentrated in the nucleus. However, FD-2, with
its longer spacer, was observed to reside mainly in the cytosol.
These translocation features of guanidinlyated dendritic scaf-
folds as carriers can be important for intracellular delivery of
cargo molecules to specific subcellular compartments (e.g.,
cytosol or nucleus). For example, a translocation approach
that does not saturate the nucleus can be highly attractive as it
can be both less cytotoxic and could afford cytosolic-targeted
cargos with greater accuracy in delivery, and therefore higher
efficacy. Without wishing to be bound by theory, it is believed
that the differential uptake patterns by ED-1 and FD-2 are due
to the presence of a hexyl spacing chain in FD-2, resulting in
a greater hydrophobicity of the entire conjugate as compared
with FD-1. Additionally, the uptake of FD-1 and FD-2 con-
jugates by HMEC was also conducted. Entry of the two
conjugates into HMEC shows a similar internalization pat-
tern to that seen in fibroblasts.
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[0451] Incontrol experiments, cells treated with free FITC
and Boc-protected guanidinylated FITC-dendrimer showed
no or extremely weak fluorescence, respectively. Therefore,
the guanidino groups play an important role in the cell per-
meability of these molecules, while the length of the spacing
chain determines both the differential rate of uptake and
subcellular localization patterns. Although the mechanism of
Tat translocation remains to be understood, it has been dem-
onstrated that the rate of uptake is not temperature dependent.
[Futaki, S.; Nakase, 1.; Suzuki, T.; Youjun, Y.; Sugiura, Y.
Biochemistry 2002, 41, 7925.; Vivés, E.; Brodin, P.; Lebleu,
B. 1. Biol. Chem. 1997, 272, 16010.] This indicates that
endocytosis does not play a crucial role in the translocation
process. Evaluation of the effect of temperature on the inter-
nalization of FD-1 and FD-2 indicated that the two conjugates
are able to get into cells not only at 37° C., but also at 4° C.,
even at a lower dendrimer concentration (1 M) (see FIGS. 3
and 4 in contrast to control experiments, as shown in F1G. 24).
No significant decrease in fluorescence intensity of cells
treated with FD-1 or FD-2 was observed, indicating that the
uptake process does not occur via endocytosis.

[0452] 27. Synthesis of dendrimer B11.

[0453] A three-neck round bottom flask was flame-dried
under argon, to which nitrotriacid B3 (3.192 g,0.0115 mmol),
1-hydrobenzotriazole (HOBt) (5.609 g, 0.0415 mol), DCC
(8.560 g, 0.0415 mol) and 100 mL. THF were added sequen-
tially. After 2 hours activation, aminotriester B2 (17.216 g,
0.0415 mol) was added. The solution was stirred at room
temperature for 40 h, and the crude product was purified by
flash column chromatography, eluting first with hexane/ethyl
acetate (10:1) and then hexane/ethyl acetate (3:2) to yield
dendrimer B11 (15.91 g, 94.1%). 'H NMR (400 Mz,
CDCl,): 6=1.44 (m, CHj, 81H), 1.95 (m, CH,, 18 H), 2.21
(m, CH,, 30H), 6.20 (s, NH, 3H); *C NMR (400 MHz,
CDCl,): 6=28.04, 29.74, 29.85, 31.28, 57.56, 80.69, 92.47,
170.46, 172.76.

[0454] 28. Synthesis of Dendrimer B12.

[0455] A solution of B11 (10.0 g, 0.0 mol) in 150 mL of
absolute ethanol in the presence of 8 grams of Raney-Nickel
was hydrogenated at 60 psi of hydrogen at room temperature
for 24 h. The suspension was carefully filtered through Celite
and removal of the solvent under reduced pressure yielded
B12 (9.86 g, 98.5%). "H NMR (400 MHz, CD,0D): 5=1.44
(m, CH,, 81H), 1.61 (m, CH,, 6 H), 1.95 (m, CH,, 12 H), 2.21
(m, CH,, 30 H); '*C NMR (400 MHz, CD,0OD): §=28.42,
30.24,30.47,32.02,36.24, 53.53, 58.37, 81.18, 173.96, 175.
39.

[0456] 29. Synthesis of B25.

[0457] To a room temperature stirred solution of 6-bromo-
hexanoic acid (2.0 g, 0.0102 mol) in 7 mL of DMF was added
NaNj; (1.30 g, 0.020 mol). The reaction mixture was heated
and stirred at 85° C. for 5 h. After DMF was removed, DCM
was added to dissolve the residue. The mixture was washed
with 0.1 N HCl and dried over anhydrous NaSO,. Removal of
the solvent gave a crude oil that was purified by flash column
chromatography, eluting first with DCM and then ethyl
acetate/DCM (3:7) to yield B25 (1.67 g, 69.07%). 'H NMR
(400 MHz, MeOD): 8=1.38-1.49 (m, CH,, 2H), 1.54-1.70 (m,
CH,, 4 H), 2.32 (t, CH,, 2 H), 3.30 (t, CH,, 2 H); "*C NMR
(400 MHz, MeOD): §=25.57, 27.32, 29.62, 34.72, 52.27,
177.38.

[0458] 30. Synthesis of Dendrimer B13.

[0459] To a stirred solution of B25 (1.29 g, 8.22 mmol) in
anhydrous THF (50 mL) were added DCC (1.70 g, 8.22
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mmol) and HOBt (1.112 g, 8.22 mmol) at room temperature.
The mixture was stirred for 2 h, then dendrimer B12 (9.86 g,
6.85 mmol) was added and the resulting solution was stirred
for 40 h. After filtration and removal of THF, the product was
purified by flash column chromatography, eluting with hex-
ane/ethyl acetate (1:1) to yield B13 (8.50 g, 78.53%). 'H
NMR (400 MHz, CD,0D): 3=1.44 (m, CH;, CH,, 83 H),
1.95(m, CH,, 18 H), 2.21 (m, CH,, 32 H), 3.30 (m, CH,, 2 H);
13CNMR (400 MHz, CD,0D): §=26.47, 27.47,28.43,29.62,
30.35,30.61,32.07,32.23,37.56, 52.28, 58.63, 58.77, 81.54,
174.21, 175.35, 175.66.

[0460] 31. Synthesis of Dendrimer B14.

[0461] Toa0°C. stirred solution of nona-amine B5 (4.06 g,
2.43 mmol) in a methanol/acetonitrile (25 mL/15 mL) were
added triethylamine (6.87 g, 68.0 mmol) and ethyl trifluoro-
acetate (9.32 g, 65.6 mmol) and the reaction mixture was
stirred at 0° C. for 1 h and then at room temperature overnight.
The solvent was removed in vacuo and the residue was taken
up in ethyl acetate, and the resulting organic solution was
washed with 1IN HCI and brine and dried over anhydrous
NaSO,. Removal of the solvent in vacuo gave a crude solid
that was purified by flash chromatography (EtOAc/Methanol
gradient) to yield a solid (3.02 g, 56.3%). "THNMR (400 MHz,
CD,0D): 6=1.85-2.10 (m, CH,, 18 H), 2.11-2.35 (m, CH,,
30H), 3.24-3.48 (m, CH,, 36 H); *C NMR (400 MHz,
CD,OD): $=31.08, 31.26,31.75,32.01,39.42, 40.42, 58.93,
94.33,111.74, 115.54, 119.33, 123.13, 158.57, 159.06, 159.
55,160.04, 173.57, 176.14. The resulting white solid (1.0 g,
0.453 mmol) was dissolved in ethanol (45 mL) and trans-
ferred into a hydrogenation vessel containing Raney-Nickel
catalyst (5 g) and the suspension was stirred at 80 psi of
hydrogen at 50° C. for 48 h. After filtration through Celite, the
solvent was removed under reduced pressure to give a B14 as
awhite solid (0.964 g, 97.7%). "HNMR (400 MHz, CD,0D):
8=1.67 (m, CH,, 6 H), 1986 (m, CH,, 12H), 2.188 (m, CH,,
30 H), 3.30-3.55 (m, CH,, 36 H); >C NMR (400 MHz,
CD,0D) 6=31.20, 32.11, 36.17, 39.38, 40.52, 54.06, 58.80,
111.79,115.53,119.36, 123.10, 158.58, 159.04, 159.50, 160.
11, 175.55, 176.24.

[0462] 32. Synthesis of Dendrimer B15.

[0463] To a stirred solution of 6-heptynoic acid (0.3022 g,
2.40 mmol) in anhydrous THF (50 mL) were added DCC
(0.4952 g, 2.40 mmol) and HOBt (0.3245 g, 2.40 mmol) at
room temperature. The mixture was stirred for 2 h, then
dendrimer B14 (1.0432 g, 0.48 mmol) was added and the
resulting solution was stirred for 40 h. After filtration and
removal of THF, the product was purified by flash column
chromatography, eluting with ethyl acetate/methanol gradi-
ent to yield B15 (0.620 g, 56.57%). 'H NMR (400 MHz,
CD,OD): =1.53 (m, CH,, 2 H), 1.71 (m, CH,, 3 H), 1.890-
2.5 (m, CH,, 50 H), 3.30 (m, CH,, 36 H); '°C NMR (400
MHz, CD,0D): 6=18.81, 26.14, 29.43, 31.27, 31.80, 37.37,
39.35, 40.43, 58.83, 59.05, 69.95, 83.4, 111.74, 115.57, 119.
37,123.13, 158.55, 159.07, 159.53, 159.99, 175.60, 176.25.
[0464] 33. Synthesis of Dendrimer B16.

[0465] Azide dendron B13 (100 mg, 0.044 mmol) and
alkyne dendron B15 (70 mg, 0.044 mmol) were dissolved in
THF/H,O (4:1) and DIPEA (0.017 g, 0.132 mmol, 3 equiv)
followed by Cu(PPh;);Br (0.0042 g, 0.0044 mmol) were
added. The reaction mixture was placed in the microwave
reactor (Biotage) and irradiated at 120° C. for 20 min. After
completion of the reaction, THF was removed and the residue
was taken up in DCM. The organic layer was washed with
water once and dried over anhydrous Na,SO,. 'H NMR of
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B16 (400 MHz, CD,0D): 6=1.43 (m, CH;, 81H), 1.71 (m,
CH,,8H),1.890-2.5 (m,CH,, 96 H),2.71 (m, CH,, 2 H),3.30
(m, CH,, 36 H), 4.38 (m, CH,, 2 H), 7.75 (s, 1H).

[0466] 34. Synthesis of B17 and B18.

[0467] The “Bow-Tie” B16 was stirred in formic acid over-
night at room temperature. After the solvent was evaporated
under reduced pressure, toluene was added and concentrated
in vacuo to remove any residue of formic acid to give a white
nonacid (100%). To a solution of the above resulting solid in
DMF, HOBt and DCC were added and the solution was
cooled to 0° C. N-Boc-ethylenediamine or N-Boc-hexyl-
diamine was added dropwise and the mixture was stirred for
48 h at room temperature, filtered and concentrated under
reduced pressure. The residue was dissolved in dichlo-
romethane and the resulting organic solution was washed
sequentially with 1N HCI, water and dried over anhydrous
Na,SO,. The solvent was evaporated under reduced pressure
and the crude residue was purified by flash column chroma-
tography to yield B17 or B18.

[0468] 35. Synthesis of B19 and B20.

[0469] Potassium carbonate was added to B17 or B18 in
methanol/water, the mixture was stirred at room temperature
for 6 h. The crude product was purified by dialysis against
methanol with Spectra®Por Biotech regenerated cellulose
membranes (MWCO=3500) for 24 h to give B19 or B20.
[0470] 36. Synthesis of B21 and B22.

[0471] The above B19 or B20 was then dissolved in 1,4-
dioxane and the solution cooled 0° C., 4 M HCl in dioxane
was added and stirred for 1 hr at room temperature. Removal
of'the solvent under reduced pressure gave a white solid. The
resulting HCl salt was dissolved in methanol and the solution
was cooled to 0° C. Et;N was added, followed by N,N'-diBoc-
N"-triflylguanidine and the mixture was stirred for 24 h at
room temperature. After the solvent was evaporated under
reduced pressure, the residue was dissolved in dichlo-
romethane and the solution was washed with 1N HCI water,
and dried over anhydrous Na,SO,,. After removal of the sol-
vent under reduced pressure, the crude product was purified
by dialysis against methanol with Spectra®Por Biotech
regenerated cellulose membranes (MWCO=3500) for 24 hto
give B21 or B22.

[0472] 37.Synthesis of B23 and B24.

[0473] The resulting solid B21 or B22 was dissolved in
1,4-dioxane and the solution cooled to 0° C., 4 M HCI in
dioxane was added and the solution stirred overnight at room
temperature. The precipitate was filtered off and dried to give
a crude product. The solid was re-dissolved in water and
insoluble precipitate was filtered off and the filtrate was dia-
lyzed against water with Spectra®Por Biotech cellulose ester
membranes (MWCO=1000) for 48 hrs and lyophilized to
yield a water-soluble B23 or B24.

[0474] Synthesis of Copolymer poly(vl-avl-opd) (AbD).
[0475] To a 25 mL 3-necked round bottom flask, equipped
with stir bar, gas inlet and 2 rubber septa, 2-oxepane-1,5-
dione (0.7000 g, 5.46 mmol) was added. The round bottom
flask was purged with argon. After purging for 30 min, dry
toluene (4 mL.) was added. The mixture stirred in an oil bath
at80° C. to dissolve the monomer. Upon dissolving, Sn(Oct),
(0.011 g, 2.73x10.2 mmol) in 0.5 mL dry toluene, absolute
ethanol (0.020 g, 4.4x10.1 mmol), a-allyl-d-valerolactone
(1.15 g, 8.2 mmol) and d-valerolactone (1.37 g, 13.7 mmol)
were then added to the reactor and the mixture was heated for
48hat 105° C. Residual monomer and catalyst were removed
by dialyzing with Spectra/Por® dialysis membrane
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(MWCO=1000) against CH,Cl, to give a golden brown poly-
mer. Yield: 1.7 g. M, =3287 Da, PDI=1.17; 'H NMR (300
MHz, CDCI,/TMS, ppm) §: 5.72 (m, H,C—CH—), 5.06 (m,
H,C—CH—), 4.34 (m, —CH,CH,C(O)CH,CH,0—), 4.08
(m,—CH,0—),3.67 (m,—OCH,CH,), 2.78 (m, opd, —OC
(O)CH,CH,C(O)CH,—), 2.58 (m, opd, —OC(O)CH,CH,C
(O)CH,—), 234 (m, vl, —CH,CH,C(O)O—, avl,
H,C—CHCH,CH—, H,C—CHCH,CH—), 1.66 (m, avl &
vl, —CHCH,CH,—), 1.25 (t, —CH,CHy,); *C NMR (400
MHz, CDCl,, ppm) d: 204.9, 175.2, 173.7, 173.2, 135.0,
117.0, 63.9, 44.8, 36.4, 33.6, 28.0, 26.3, 21.3. (10.39% avl,
7.97% evl, 6.42% opd and 75.21% v1).

[0476] 38. Synthesis of poly(vl-evl-avl-opd) (ABbD)).
[0477] Ina 200 mL round bottom flask, equipped with stir
bar, poly(vl-avl-opd) (1.7 g, 1.56 mmol) was dissolved in 30
ml, CH,Cl,. To this solution, 3-chloroperoxybenzoic acid
(0.2210 g, 1.28 mmol) was added slowly. The mixture was
stirred for 72 h at room temperature and then concentrated via
rotary evaporator. The crude product was dissolved in a mini-
mal amount of THF (5 mL) and poured into a round-bottomed
flask containing 1 L diethyl ether. The solution was kept
overnight at 0° C. and a white solid was obtained. The solu-
tion was decanted off and the solid was dried in vacuo to
obtain poly(avl-evl-vl-opd). Yield: 1.2 g (71%). 'H NMR
(300 MHz, CDCl,/TMS, ppm) d: 5.72 (m, H,C—CH—),
506 (m, H,C—CH—), 434 (m, —CH,CH,C(O)
CH,CH,0—), 4.08 (m, —CH,0—),3.67 (m, —OCH,CH,),
2.96 (m, epoxide proton), 2.78 (m, evl epoxide proton, opd,
—OC(0O)CH,CH,C(O)CH,—), 2.58 (m, opd, —OC(O)
CH,CH,C(O)CH,—), 2.47 (epoxide proton), 2.34 (m, vl,
—CH,CH,C(0)0O—, avl, H,C—CHCH,CH—,
H,C—CHCH,CH—), 1.66 (m, avl & vl, —CHCH,CH,—),
1.25 (t, —CH,CHy,).

[0478] 39. Nanoparticle Formation from poly(vl-evl-avl-
opd).
[0479] In a 250 mL three-necked round bottom flask

equipped with stir bar, condenser and septa, a solution of
2,2'-(ethylenedioxy)diethylamine (26.4 pl., 0.18 mmol) in
55.6 mL. CH,Cl, was heated at 44° C. A solution of poly(avl-
evl-vl-opd) (0.2500 g, M, =3287 Da, PDI=1.17) dissolved in
CH,C1, (0.36 mL) was added dropwise via a peristaltic pump
at 13 ml/min with vigorous stirring. The reaction mixture
was heated for 12 h. Residual diamine was removed by dia-
lyzing with SnakeSkin® Pleated Dialysis Tubing
(MWCO=10,000) against dichloromethane. 'H NMR (300
MHz, CDCL/TMS, ppm) &: The significant change is the
disappearance of the epoxide protons at 2.96, 2.75 and 2.47
ppm and the appearance of signals at 3.5 and 2.89 ppm cor-
responding to the protons neighboring the secondary amine
of'the PEG linker after cross-linking. All other aspects of the
spectrum are similar. To demonstrate the reactivity of the ally
groups to thiols, in a model reaction we added benzyl mer-
captan to the allyl groups. We found a high reactivity using no
other reactant. We also added the molecular transporter in the
same fashion.

[0480] 40. Attachment of Benzyl Mercaptan to poly(vl-evl-
avl-opd) Nanoparticles (General Procedure to Attach Thiol
Functionalized Compounds Including ‘“Molecular Trans-
porter” and Peptides)

[0481] In a vial equipped with a stir bar, poly(avl-evl-vl-
opd) nanoparticles (0.030 g, 0.0268 mmol) and benzyl mer-
captan (9.48 mg, 0.0764 mmol) were dissolved in 0.6 mL
toluene. The reaction mixture was heated for 72 h at 30° C.
The remaining toluene was removed in vacuo and residual
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benzyl mercaptan was removed by dialyzing with Snake-
Skin® Pleated Dialysis Tubing (MWCO=10,000) against
dichloromethane. 'HNMR (300 MHz, CDCl,/TMS, ppm) 8:
The significant change is the disappearance of the allyl pro-
tons at 5.72 and 5.06 ppm and the appearance of signals at
3.52 ppm and 7.30 ppm corresponding to the methylene and
benzene protons respectively of the attached benzyl mercap-
tan. All other aspects of the spectrum are similar.

[0482] 41. Attachment of N-Boc-ethylenediamine to suc-
cinimidyl 2-vinylsulfonylmethyl carbonate (SVEC).

[0483] To asolution of SVEC (1.03 g, 3.72 mmol) in aceto-
nitrile (50 mL), N-boc-ethylenediamine (0.77 mL, 4.86
mmol) and water (50 mL.) were added. Sodium bicarbonate
(0.4066 g, 4.84 mmol) was added and the reaction stirred for
4 h at room temperature. The acetonitrile was removed in
vacuo and the remaining aqueous phase was diluted with
brine (45 mL). The aqueous phase was extracted three times
with dichloromethane (90 mL). The organic phases were
combined, washed with brine, dried with MgSO,, and con-
centrated in vacuo. The crude product was purified by flash
chromatography (eluent: ethyl acetate) to give a white solid in
90% vield. "HNMR (300 MHz, CDCl,/TMS, ppm) 8: 6.6 (m,
H,C—CH—), 64 & 6.17 (m, H,C—CH—), 443 (t,
—CH,CH,0C(0)—), 3.3 (t, —CH,CH,OC(0)—), 3.24 (m,
—NHCH,CH,NHC(O)—), 1.41 (s, —NHC(O)OC(CH,);).
[0484] 42. Attachment of Sulfonyl Linker to Nanoparticles
from poly(vl-evl-opd).

[0485] Ina 100 mL round bottom flask, equipped with stir
bar, poly(vl-evl-opd) (ABD) nanoparticles (84.6 mg, 2.45x
1077 mol) were dissolved in 12.5 mL CH,Cl,. To this solu-
tion, sulfonyl linker (69 pL. of 0.85 M linker in methanol,
5.89x107° mol), NaCNBH, (0.0111 g in 0.1 mL methanol,
1.77x107* mol) and methanol (12.4 mL) were added. The pH
was adjusted to 6.5 using 0.1 M hydrochloric acid aqueous
solution and 0.1 M sodium hydroxide aqueous solution. The
reaction mixture stirred for 25 h at room temperature and was
purified by dialyzing with SnakeSkin® Pleated Dialysis Tub-
ing (MWCO=10,000) against 1:1 dichloromethane/metha-
nol. 'TH NMR (300 MHz, CDCl,/TMS, ppm) d: The signifi-
cant change is the appearance of the following peaks: 6.8 (m,
CH,—CH—), 6.5 & 63 (m, CH,—CH—), 4.5 (m,
CH,—CHSO,CH,CH,—), 3.3 (m, —NHCH,CH,NH—),
3.1 (m, CH,—CHSO,CH,CH,—). All other aspects of the
spectrum are similar.

[0486] 43. General Procedure for Attachment of Peptide-
Alexa Fluor® 750 to Linker Conjugated Nanoparticles.
[0487] Inasmallvial, equipped with stir bar, peptide (33 pul.
of 0.013 mg/ml. peptide in phosphate buffer-pH 7.2) and
Alexa Fluor® 750 (26.5 pulL of 20 mg/ml. Alexa Fluor® in
dimethylformamide were added. The reaction stirred for 24 h
in an aluminum foiled. In a small vial, poly(vl-evl-opd)
(ABD) nanoparticles (29.9 mg) were dissolved in 800 puL
phosphate buffer (pH=7.2) and 700 pL. dimethylformamide.
To the peptide-Alexa Fluor® solution, 251 pl, of dissolved
nanoparticles was added. After stifling for 45 min at room
temperature, additional peptide (2 mg, 1.84x107% mol) was
added. The reaction mixture was purified using concentrator
tubes with a molecular weight cut-off of 10,000 Da.

[0488] 44. Attachment of Alexa Fluor® 750 to poly(vl-evl-
opd) Nanoparticles.

[0489] In a 25 ml round bottom flask, poly(vl-evl-opd)
nanoparticles (63.55 mg, 1.92x10~7 mol) was dissolved in 6.4
mL tetrahydrofuran. The round bottom flask was sealed with
a rubber septum and purged with argon. To the purged solu-
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tion, Alexa Fluor® 750 (5 mg in 0.5 mL anhydrous dimeth-
ylformamide was added. The reaction mixture stirred for 24 h
at room temperature. After 24 h, N-acetoxy succinimide (50
mg, 0.3 mmol) was added to quench the remaining unreacted
amines. "H NMR (300 MHz, CDCl,/TMS, ppm) d: The sig-
nificant change is the appearance of the following peaks:
7.12, 5.6, 5.5, 5.1, 3.81, 1.90 ppm. The structure of Alexa
Fluor® 750 is not publicly known. All other aspects of the
spectrum are similar.

[0490] 45. General Reductive Amination for the Attach-
ment of Peptides to Alexa Fluor® Conjugated Nanoparticles.
[0491] In a small vial, equipped with stir bar, peptide (2.6
mg, 2.4x107% mol) was dissolved in 2 mL tetrahydrofuran. To
this solution, dye conjugated nanoparticles (0.0923 g, 2.8x
10~® mol, in 0.5 mL tetrahydrofuran) and NaCNBH, (2.23 uL.
of 1.0 M NaCNBHj; in tetrahydrofuran) were added. The
reaction mixture stirred for 12 h at room temperature. The
reaction mixture was purified by dialyzing with SnakeSkin®
Pleated Dialysis Tubing (MWCO=10,000) against tetrahy-
drofuran. "H NMR (300 MHz, CDCl,/TMS, ppm) d: The
significant change is the appearance of the following peaks:
5.2,5,48,2.6,2.45,2.0,1.22 and 0.89 ppm.

[0492] 46. Attachment of N-(Boc)-2,2(ethylenedioxy)di-
ethylamine.
[0493] A 50 mL 3-neck round bottom flask was flame-dried

under argon. The deprotected nanoparticles (27.6 mg, 0.79
mmol) were dissolved in DriSolv DMF and transferred to the
sealed flask, which was then cooled to 0° C. via an ice bath.
N-methylmorpholine (6.37 mg, 0.063 mmol) followed by
isobutyl chloroformate (9.46 mg, 0.0693 mmol) was added to
the cooled solution and allowed to activate for 1.5 h. Next,
N-(boc)-2,2(ethylenedioxy)diethylamine (15.6 mg, 0.063
mmol) was added, the ice bath was removed and the reaction
was allowed to stir overnight. The reaction was concentrated
in vacuo, the residue was dissolved in MeOH, transferred to
SnakeSkin® Pleated Dialysis Tubing (MWCO=10 000), and
was dialysed against MeOH.

[0494] 47. Deprotection of Nanoparticles Containing
N-(Boc)-2,2(ethlenedioxy)diethylamine.

[0495] The nanoparticles were dissolved in 2 M HCl/Diox-
ane (15 mL). The reaction was allowed to stir overnight. The
reaction was dissolved in MeOH/H,O and transferred to
SnakeSkin® Pleated Dialysis Tubing (MWCO=10 000), and
was dialysed against MeOH/H,O.

[0496] 48. Attachment of Alexa Fluor 750®.

[0497] PBS Buffer (pH 7.3) was purged with argon for 1 h.
The Alexa Fluor® 750 (3 mg, 2.3 umol) in 0.3 mL. DMF was
added to a solution of deprotected nanoparticles (15.8 mg) in
PBS Buffer (1.2 mL.) and was allowed to stir for 24 h. The
reaction was diluted with H,O, was transferred to Snake-
Skin® Pleated Dialysis Tubing (MWCO=10 000), and was
dialyzed against H,O.

[0498] 49. Attachment of SVEC.

[0499] The nanoparticles were dissolved in 4 mL of H,O
followed by the addition of sodium bicarbonate (2.7 mg,
0.0318 mmol). Next, the SVEC was added in 1 mL of ACN
followed by an additional 3 mI. of ACN. The reaction was
allowed to proceed for 2 h at which time acetoxysuccinimide
(127 mg, 0.79 mmol) was added in order to quench any
remaining amines. This reaction was allowed to proceed for 2
h. The reaction was diluted with H,O and was transferred to
SnakeSkin® Pleated Dialysis Tubing (MWCO=10 000), and
was dialyzed against H,O (pH 4.5).
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[0500] 50. Targeting Peptide Attachment.

[0501] The modified nanoparticles (2 mg) were dissolved
in 0.2 mL of PBS Buffer (pH 7.3) and to that a solution of
GCGGGNHVGGSSV (11.4 mg, 0.0105 mmol) in 0.4 mL of
PBS Butfer (pH 7.3) was added. This reaction was allowed to
proceed for 24 h. The reaction was diluted with H,O and was
transferred to SnakeSkin® Pleated Dialysis Tubing
(MWCO=10 000), and was dialyzed against H,O.

[0502] 51. Control Peptide Attachment.

[0503] The modified nanoparticles (2 mg) were dissolved
in 0.2 mL of PBS Buffer (pH 7.3) and to that a solution of
GCGGGSGVSGHNG (11.0 mg, 0.0105 mmol) in 0.4 mL of
PBS Butfer (pH 7.3) was added. This reaction was allowed to
proceed for 24 h. The reaction was diluted with H,O and was
transferred to SnakeSkin® Pleated Dialysis Tubing
(MWCO=10 000), and was dialyzed against H,O.

[0504] 52. Attachment of N-(Boc)-2,2(ethylenedioxy)di-
ethylamine.
[0505] A 50mlL 3-neck round bottom flask was flame-dried

under argon. The deprotected nanoparticles (27.6 mg, 0.79
umol) were dissolved in DriSolv DMF and transferred to the
sealed flask, which was then cooled to 0° C. via an ice bath.
N-methylmorpholine (6.37 mg, 0.063 mmol) followed by
isobutyl chloroformate (9.46 mg, 0.0693 mmol) was added to
the cooled solution and allowed to activate for 1.5 h. Next,
N-(boc)-2,2(ethylenedioxy)diethylamine (15.6 mg, 0.063
mmol) was added, the ice bath was removed and the reaction
was allowed to stir overnight. The reaction was concentrated
in vacuo, the residue was dissolved in MeOH, transferred to
SnakeSkin® Pleated Dialysis Tubing (MWCO=10 000), and
was dialysed against MeOH.

[0506] 53. Deprotection of Nanoparticles Containing
N-(Boc)-2,2(ethlenedioxy)diethylamine.

[0507] The nanoparticles were dissolved in 2 M HCl/Diox-
ane (15 mL). The reaction was allowed to stir overnight. The
reaction was dissolved in MeOH/H,0, was transferred to
SnakeSkin® Pleated Dialysis Tubing (MWCO=10 000), and
was dialysed against MeOH/H20.

[0508] 54. Attachment of 1,4,7,10-tetraazacyclododecane-
1,4,7-tris(T-butyl acetate)-10-succinimidyl acetate (DOTA).
[0509] The nanoparticles were dissolved in DMF followed
by the addition of triethylamine (TEA). To this solution,
DOTA was added and the reaction was allowed to stir over-
night. The reaction was concentrated in vacuo, the residue
was dissolved in MeOH/H,0, transferred to SnakeSkin®
Pleated Dialysis Tubing (MWCO=10 000), and dialyzed
against MeOH/H,O.

[0510] 55. Deprotection of Nanoparticles Containing
T-Butyl Protected DOTA.

[0511] The nanoparticles were dissolved in 2 M HCl/Diox-
ane (15 mL). The reaction was allowed to stir overnight. The
reaction was dissolved in MeOH/H,O, transferred to Snake-
Skin® Pleated Dialysis Tubing (MWCO=10 000), and dia-
lyzed against MeOH/H,,O.

[0512] 56. Attachment of SVEC.

[0513] The nanoparticles were dissolved in H,O followed
by the addition of sodium bicarbonate. Next, the SVEC was
added in ACN followed by an additional ACN. The reaction
was allowed to proceed for 2 h at which time acetoxysuccin-
imide was added in order to quench any remaining amines.
This reaction was allowed to proceed for 2 h. The reaction was
diluted with H,O, was transferred to SnakeSkin® Pleated
Dialysis Tubing (MWCO=10 000), and was dialyzed against
H,O (pH 4.5).
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[0514] 57. Modification of Alexa Fluor 750®.

[0515] Alexa Fluor 750® (1.43 mg, 1.1 umol) was dis-
solved in 143 ul, DMSO and added to cysteamine (0.077 mg,
1.0 umol) in 30.9 ul. of PBS Buffer (pH 7.5). The reaction was
allowed to proceed overnight.

[0516] 58. Simultaneous Attachment of Modified Alexa
Fluor 750® and Peptide.

[0517] The modified nanoparticles were dissolved in PBS
Buffer (pH 7.3), which had been purged with argon for 20
min. Next, the modified Alexa Fluor 750® and one equivalent
of GCGGGNHVGGSSV was added and allowed to react for
2h. An additional 4 equivalents of peptide was then added and
the reaction stirred overnight. The solution was diluted in
H,O, transferred to SnakeSkin® Pleated Dialysis Tubing
(MWCO=10 000), and dialyzed against H,O.

[0518] 59. Synthesis of Linear RGD.

[0519] A typical Fmoc solid phase peptide synthesis was
performed to synthesize the linear peptide. A cysteine pre-
loaded 2-chlorotrityl resin was employed. HOBt:HBTU:DI-
PEA (1:1:2) in DMF was used as the coupling reagent and
amino acids were double coupled. A 20% piperidine (v/v) in
DMF employed to deprotect the Fmoc. An amino-hexyl
spacer was coupled to the cystine on the resin, followed by
glutamic acid, aspartic acid, glycine, arginine, phenylalanine,
and finally lysine.

[0520] 60. Cyclization of RGD.

[0521] The peptide was cyclized by utilizing an ODmab
group, which allows for the selective deprotection carboxylic
acid side chain of the glutamic acid, which can then be
coupled to the N-terminus. The ODmab was deprotected
using 2% v/v hydrazine-H,O/DMF added to the resin and
allowed to react for 7 min. Next it was washed with 20 mL of
DMF followed by 10 mL of'a 5% v/v DIPEA/DMF solution
which was allowed to shake for 10 min. Carboxy activation
was achieved through the use of DCC (44.6 mg, mmol) and
HOBt (29.2 mg, mmol) was added to 10 mL. of DMF and then
added to the resin and allowed to shake for 18 h.

[0522] Reagent R was used to deprotect all side groups and
cleave the cyclic peptide from the resin. Reagent R was pre-
pared by combining 5.4 mL, TFA, 0.3 mL thioanisole, 0.18
mL anisole, and 0.12 mL ethanedithiol. This was allowed to
react for 3 hours at which time the resin was filtered off. The
supernatant was cooled to 0° C. and the peptide was precipi-
tated using cold diethyl ether. It was collected through cen-
trifugation and then washed three times using diethyl ether.
The pellet was dissolved in 0.6 mL. H,O and 0.4 m[L ACN
with 0.3% TFA and purified using HPLC.

[0523] 61. Synthesis of N-Boc-N-Tfa-ethylenediamine.
[0524] To asolution of N-boc-ethylenediamine (5.0 g, 31.2
mmol) in 20 m[, THF, ethyl] trifluoroacetate (3.72 mL,, 31.2
mmol) was added dropwise and the reaction stirred overnight.
The reaction solution was concentrated to yield a white crys-
talline product (8.0 g, 100%). 'H NMR (400 MHz, CDCl,) &
1.44 (s, 9H, CH,), 3.37 (dd, 2H, J=5.4 Hz, J=10.2 Hz, CH,,),
3.46 (dd, 2H, J=5.1 Hz, J=10.4 Hz, CH,), 5.01 (s, 1H, NH),
7.85 (s, 1H, NH); '*C NMR (400 MHz, CDCl,) 8 28.2,39.1,
42.2, 80.6, 140.6, 151.2, 157.7.

[0525] 62. Boc Deprotection of N-Boc-N-Tfa-ethylenedi-
amine.
[0526] N-Boc-N-Tfa-ethylenediamine (8.0 g, 31.5 mmol)

was dissolved in 50 mL formic acid and stirred for 14 h at
room temperature. After the solvent was evaporated under
reduced pressure, toluene was added and concentrated to
remove any residual formic acid, yielding an orange oil (4.90
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g, 99.7%). "H NMR (400 MHz, MeOD) 8 2.31 (s, 2H, NH.,),
3.15(t,2H, J=6.1 Hz, CH,), 3.61 (1, 2H, J=6.1 Hz, CH,), 8.35
(s, 1H, NH); >C NMR (400 MHz, MeOD) & 38.5, 39.7,
113.1,115.9, 118.8, 121.6, 159.7, 160.1.

[0527] 63. Attachment of N-Tfa-ethylenediamine.

[0528] The deprotected nanoparticles (162.3 mg, 4.58
umol) in DriSolv DMF (10.0 mL) were stirred under argon at
0° C. with N-methylmorpholine (47.8 mg, 472.6 umol) fol-
lowed by dropwise addition of isobutyl chloroformate (71.0
mg, 519.8 umol) in DriSolv DMF (0.75 mL). After 1.5 h, a
solution of N-Tfa-ethylenediamine (73.8 mg, 472.6 umol) in
DriSolv DMF (2.5 mL) was added dropwise. The reaction
was allowed to warm to room temperature and stirred over-
night. After removal of DMF in vacuo, the product was dis-
solved in methanol and dialyzed against methanol with
SnakeSkin® Pleated Dialysis Tubing (MWCO=10,000). ‘H
NMR (400 MHz, MeOD) 8 7.61-6.45 (br m, aromatic from
crosslinker), 3.15-3.00 (br m, N-Tfa-ethylenediamine), 3.00-
2.69 (br m, backbone and N-Tfa-ethylenediamine), 2.69-1.34
(br m, backbone).

[0529] 64. Deprotection of MAL-dPeg™,-t-boc-hy-
drazide.
[0530] Ina 100 mL round bottomed flask, MAL-dPeg™, -

t-boc-hydrazide (127.1 mg, 239.5 pmol) was dissolved in
80.0 mL of formic acid and stirred over night at room tem-
perature. After the solvent was evaporated under reduced
pressure, toluene was added and concentrated to remove any
residual formic acid to give MAL-dPeg™,-hydrazide (103.1
mg, 100%).

[0531] 65. Attachment of MAL-dPeg™,-hydrazide.
[0532] The deprotected nanoparticles (141.1 mg, 3.13
umol) in DriSolv DMF (10.0 mL) were stirred under argon at
0° C. with N-methylmorpholine (17.1 mg, 169.1 umol) fol-
lowed by dropwise addition of isobutyl chloroformate (25.4
mg, 86.0 umol) in DriSolv DMF (0.7 mL). After 1.5 h, a
solution of MAL-dPeg™,,-hydrazide (103.1 mg, 239.5 umol)
was added dropwise. The reaction was allowed to warm to
room temperature and stirred overnight. After removal of
DMF in vacuo, the product was dissolved in methanol and
dialyzed against methanol with SnakeSkin® Pleated Dialysis
Tubing (MWCO=10,000). '"H NMR (400 MHz, MeOD) 3
7.67-6.47 (br m, aromatic from crosslinker and maleimide
linker), 3.89-3.48 (br t, maleimide linker), 3.21-3.02 (br m,
N-Tfa-ethylenediamine), 3.02-2.69 (br m, backbone and
N-Tfa-ethylenediamine), 2.69-1.01 (br m, backbone).
[0533] 66. Hydrogenation of G1.

[0534] AsolutionofGl1 (8.36g,5.69 mmol)in ethanol (214
mL) in a Parr hydrogenation bottle with Raney-Nickel (3.49
g) was shaken at 65 psi for 3 days at room temperature.
Another 1 g of Raney-Nickel was added to the reaction and it
was again shaken at 65 psi for 3 days at room temperature.
The reaction was filtered through Celite, and the removal of
the solvent under reduced pressure gave the crude product.
The residue was dissolved in ethyl acetate and subsequently
washed with saturated sodium bicarbonate solution (2x, 100
ml) and brine (2x, 100 mL) then the organic layer was dried
over anhydrous sodium sulfate. The solution was filtered and
concentrated under reduced pressure to yield amine G1 (8.19
2, 93.7%).

[0535] 67. PDPOH Attachment to G1.

[0536] PDPOH (91.46 mg, 4.25 mmol) in dry THF (100
ml.) was stirred under argon at room temperature with 1-hy-
drobenzotriazole (HOBt) (68.90 mg, 5.10 mmol) and DCC
(1.05 g, 5.10 mmol). After 1 h, amine G1 (7.34 g, 5.10 mmol)
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was added to the solution and the reaction proceeded for 48 h,
after which, it was filtered and concentrated under reduced
pressure. The crude material was purified via flash column
chromatography eluting with 10:1 hexanes:ethyl acetate
increasing to 100% ethyl acetate to give white SS-G1 (4.67 g,
67.1%).

[0537] 68. SSG1 Deprotection Via Formic Acid.

[0538] SSG1 (4.67 g, 2.85 mmol) was dissolved with stir-
ring in formic acid (100 mL) and the reaction proceeded at
room temperature overnight. Upon completion, the formic
acid was removed azeotropically with toluene under reduced
pressure to yield the product (3.29 g, 100.0%).

[0539] 69. N-Boc-1,6-diaminohexane Attachment to
SSGI1.
[0540] SSGIOH (3.29 g, 2.91 mmol) in anhydrous THF

(100 mL) was stirred under argon at room temperature with
HOBt (4.23 g, 31.25 mmol) and DCC (6.45 g, 31.25 mmol).
After one hour, N-boc-1,6-diaminohexane (6.76 g, 31.25
mmol) was added to the solution and the reaction proceeded
for 48 h at room temperature. Upon completion, the reaction
solution was filtered to remove the DCC salt and the filtrate
concentrated and purified via flash column chromatography
eluting with 1% methanol in dichloromethane and gradually
increasing to 10% methanol in dichloromethane to yield a
white solid (4.42 g, 52.0%).

[0541] The resulting solid was dissolved in 1,4-dioxane (20
mL), the solution was cooled to 0° C., and 4 M HCI in
1,4-dioxane (20 mL.) was added and the reaction stirred for 24
h at room temperature. Removal of the solvent under pressure
gave a white solid (3.55 g, 100.0%).

[0542] 70. Attachment of Goodman’s Reagent to SSG1LL.
[0543] The resulting SSG1LL HCI salt (3.55 g, 1.51 mol)
was dissolved in methanol (50 mL), and the solution was
cooled to 0° C. Triethylamine (TEA) (3.41 mL, 24.56 mmol)
was added followed by N,N'-diboc-N"-triflylguanidine (6.94
g, 17.74 mmol) and the reaction was stirred 24 h at room
temperature. After removal of the solvent under reduced pres-
sure, the crude product was purified via flash column chro-
matography eluting with 1% methanol in dichloromethane
and gradually increasing to 10% methanol in dichlo-
romethane to yield a white solid (838.2 mg, 13.13%). 'H
NMR (300 MHz, MeOD) § 1.33-1.47 (m, 246H, CH,, CH,),
2.03 (d, 48H, J=65.3 Hz, CH,), 3.15 (td, 30H, J=6.3 Hz,
J=12.7 Hz, CH,), 3.29 (m, 45H, CH,), 7.42 (m, 1H, ArH),
7.67 (d, 1H, J=8.2 Hz, ArH), 7.79 (d, 1H, J=8.1 Hz, ArH),
8.02 (s, 1H, ArH).

[0544] 71. Cleavage of Disulfide Bridge on Molecular
Transporter.
[0545] The disulfide linker hexyl molecular transporter

(257.8 mg, 61.41 umol) in DriSolv DMF (5 mL) was stirred
under argon and a solution of DL-dithiothreitol (740.0 mg,
4.80 mmol) in DMF (5 ml) was added dropwise and the
reaction proceeded for 2 h at room temperature. After removal
of DMF in vacuo, the reaction was purified using a Sephadex
LH-20 column, eluting with DMF and concentrating the frac-
tions in vacuo again yielding the product (251.0 mg, 100%).

[0546] 72. Attachment of Molecular Transporter to Nano-
particles.
[0547] The nanoparticles (147.4 mg, 3.07 pmol) in DriSolv

DMF (10.0 mL) were stirred under argon and the free thiol
hexyl molecular transporter (251.0 mg, 61.4 umol) in DriSolv
DMF (10.0 mL) was added dropwise followed by the addition
of'a catalytic amount of N-methylmorpholine. After removal
of DMF in vacuo, the product was dissolved in methanol and
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dialyzed against a 1:1 methanol:water solution, eventually
dialyzing against pure methanol with SnakeSkin® Pleated
Dialysis Tubing (MWCO=10,000). '"H NMR (400 MHz,
MeOD) § 7.55-6.21 (br m, aromatic from crosslinker), 3.85-
3.49 (br t, maleimide linker), 3.22-3.00 (br m, N-Tfa-ethyl-
enediamine and molecular transporter), 3.00-2.70 (br m,
backbone, N-Tfa-ethylenediamine, and molecular trans-
porter), 2.70-1.00 (br m, backbone and molecular trans-
porter).

[0548] 73. Deprotection of Trifluoroacetyl Protected
Amines on Modified Particles.

[0549] The nanoparticles (142.0 mg, 1.54 umol) were dis-
solved in methanol (5.0 mL) and a 10% K2CO3 solution of
5:3 methanol:water (13.0 mL.) was added to the solution and
the reaction proceeded overnight at room temperature. The
reaction was purified by dialysis with SnakeSkin® Pleated
Dialysis Tubing (MWCO=10 000) against a 5:3 methanol:
water solution, eventually dialyzing against pure methanol
then dialyzing against a 1:1 methanol THF solution, eventu-
ally dialyzing against pure THF. '"H NMR (400 MHz, THF
d®) 6 8.26-6.53 (br m, aromatic from crosslinker), 3.94-3.52
(br m, maleimide linker), 3.28-3.12 (br t, ethylenediamine
and molecular transporter), 3.12-2.68 (br m, backbone, eth-
ylenediamine, and molecular transporter), 2.68-1.05 (br m,
backbone and molecular transporter).

[0550] 74. Attachment of 3-(pyridine-2-yl disulfanyl)pro-
panoic acid Nanoparticles.

[0551] A solution of 3-(pyridine-2-yl disulfanyl)propanoic
acid (16.8 mg, 77.9 umol) in anhydrous THF (2.5 mL) was
stirred under argon at 0° C. with N-methylmorpholine (7.88
mg, 77.9 umol) followed by dropwise addition of isobutyl
chloroformate (11.7 mg, 85.7 umol). After 1.5 h, a solution of
the deprotected nanoparticles (111.0 mg, 1.30 umol) in anhy-
drous THF (35.0 mL) was added dropwise. The reaction was
allowed to warm to room temperature and stirred for 24 h. The
reaction was diluted and purified by dialysis with Snake-
Skin® Pleated Dialysis Tubing (MWCO=10,000) against
methanol, eventually dialyzing against a 3:1 THF:MeOH
solution. '"H NMR (400 MHz, THF d,) & 7.58-6.22 (br m,
aromatic from crosslinking and disulfide linker), 3.87-3.67
(br m, maleimide linker), 3.24-3.16 (br m, disulfide linker),
3.15-3.04 (br m, diamine and molecular transporter), 2.93-2.
83 (br m, diamine and molecular transporter), 2.78-2.62 (br
m, disulfide linker), 2.62-1.06 (br m, backbone).

[0552] 75. Attachment of Alexa Fluor® 568.

[0553] To a solution of multifunctional nanoparticles (10.0
mg, 106.0 nmol) in DriSolv DMF (3.0 mL), a solution of
Alexa Fluor® 568 (3.78 mg, 4.77 umol) in anhydrous DMSO
(377.7 ul) and triethylamine (50.0 pl, 358.7 umol) was
added to the solution and the reaction proceeded in the dark
for 24 h at room temperature. The reaction was diluted with
THF and purified by dialysis with SnakeSkin® Pleated Dialy-
sis Tubing (MWCO=10,000) against 1% H,O in THF even-
tually dialyzing against pure THF.

[0554] 76. Capping of the Remaining Amines.

[0555] Upon completion of the Alexa Fluor 568 addition to
the nanoparticles, a solution of N-acetoxysuccinimide (47.1
mg, 299.5 umol) in DriSolv DMF (1.0 mL) was added to the
reaction solution. The reaction was allowed to proceed for 3 h
at RT. After removal of DMF in vacuo, the product was
dissolved in methanol and dialyzed against methanol with
SnakeSkin® Pleated Dialysis Tubing (MWCO0=10,000). 'H
NMR (400 MHz, MeOD) 6 1.29-2.43 (br m, backbone and
molecular transporter), 2.59-2.83 (br m, disulfide linker),
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2.84-2.95 (br m, disulfide linker), 2.98-3.02 (br m, disulfide
linker), 3.04-3.09 (br m, disulfide linker), 3.16 (br t, diamine
and molecular transporter), 3.67 (br t, maleimide linker),
6.53-7.98 (br m, aromatic from crosslinking, disulfide linker,
and FITC).

[0556] 77.Boc Deprotection of Modified Nanoparticles.
[0557] Modified nanoparticles (30.0 mg, 434.0 nmol) were
dissolved in anhydrous 1,4-dioxane (10 mL) and chilled to 0°
C. A solution of 4 M HCl in 1,4-dioxane (10 mL) was added
dropwise to the stirring nanoparticles and the reaction was
allowed to proceed overnight at room temperature. The nano-
particle solution was diluted to three times the original vol-
ume with water and dialyzed against water with SnakeSkin®
Pleated Dialysis Tubing (MWCO=10,000). Upon completion
of dialysis, the aqueous solution was lyophilized to yield a
yellow solid. 'H NMR (400 MHz, D,0) & 1.18-2.37 (br m,
backbone and molecular transporter), 2.71-2.79 (br m, disul-
fide linker), 2.81-2.86 (br m, disulfide linker), 2.89-2.93 (br
m, disulfide linker), 2.94-2.99 (br m, disulfide linker), 3.12
(br t, diamine and molecular transporter), 3.69 (br t, maleim-
ide linker), 6.53-8.41 (br m, aromatic from crosslinking, dis-
ulfide linker, and FITC).

[0558] 78. Synthesis of Copolymer poly(vl-avl) (Ab).
[0559] A 50 mL 3-necked round bottom flask, equipped
with stir bar, was sealed with two septa and a gas inlet. The
flask was evacuated and refilled with nitrogen three times.
Stock solutions of 1.7 M ethanol (EtOH) in THF and 3.7x10~
2M tin(Il) 2-ethylhexanoate (Sn(Oct),) in THF were made in
sealed N, purged flasks. Solutions of EtOH (0.32 mL, 5.41x
107! mmol) and Sn(Oct), (0.30 mL, 1.12x10~> mmol) were
combined in the nitrogen purged 50 mL flask. After stirring
the mixture for 30 min, a-allyl-d-valerolactone (1.16 g, 8.32
mmol) and d-valerolactone (vl, 2.50 g, 24.97 mmol) were
added. The reaction vessel stirred at 105° C. for 48 h. Residual
monomer and catalyst were removed by dialyzing with Spec-
tra/Por® dialysis membrane (MWCO=1000) against CH,Cl,
to give a golden brown polymer. Yield: 3.24 g (88%).
M, =3042 Da, PDI=1.18; '"H NMR (300 MHz, CDC1,/TMS,
ppm) d&: 5.7 (m, H,C—CH—), 5.09 (m, H,C—CH—), 4.09
(m, —CH,—0—), 3.65 (m, CH,CH,0—), 2.35 (m, v,
—CH,CH,C(0)0O—, avl, H,C—CHCH,CH—,
H,C—CHCH,CH—), 1.68 (m, avl & vl, —CHCH,CH,—),
1.25 (t, CH,CH,0—); **C NMR (400 MHz, CDCl,, ppm) &:
174.6 (avl, —C(O)—), 172.7 (v, —C(O)—), 134.6
(H,C—CH—), 116.4 (H,C—CH—), 63.3, 44.3,35.9, 33.1,
27.5,25.9,23.6, 20.9.

[0560] 79. Nanoparticle Formation from Ab.

[0561] A solution of Ab (0.0804 g, M, =3042 Da, PDI=1.
18) dissolved in CH,Cl, (0.18 mL) was added to a solution of
3,6-dioxa-1,8-octanedithiol (30.0 ul., 0.18 mmol) in CH,Cl,
(28.4 mL) at 44° C. The reaction mixture was heated for 12 h.
Residual dithiol was removed by dialyzing with SnakeSkin®
Pleated Dialysis Tubing (MWCO=10,000) against dichlo-
romethane. Yield: 0.078 g. 'H NMR (300 MHz, CDCl,/TMS)
d: The significant change is the reduction of the allyl protons
at5.06 and 5.77 ppm and the appearance of signals at 3.65 and
2.71 ppm corresponding to the protons neighboring the thiols
of'the PEG linker after cross-linking. All other aspects of the
spectrum are similar to that of Ab. The reaction can also be
conducted with photoinitiators at RT in organic solvents. The
particle sizes of the resulting particles correspond to those
produced in analogous epoxide/amine procedures.

[0562] When reaction times are increased to from about 24
h to about 48 h, the particle sizes increase due to the total
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consumption of allyl moieties. Reaction at room temperature
was found to be sufficient. Addition of radical starters or other
photoinitiators does not significantly increase the quality of
the particles.

[0563] 80. One Pot Synthesis of Nanoparticles from poly
(vl-evl-avl-opd) (ABbD).

[0564] In a 25 ml three-necked round bottom flask
equipped with stir bar, condenser and septa, 2,2'-(ethylene-
dioxy)diethylamine (18.3 pL, 1.25x10™* mol), 17.1 mL
CH,Cl, and a solution of poly(vl-evl-were added. A solution
of poly(vl-evl-avl-opd), ABbD, (0.0781 g, M, =3500 Da,
PDI=1.29). The mixture was heated at 44° C. for 12 h.
Residual diamine was removed by dialyzing with Snake-
Skin® Pleated Dialysis Tubing (MWCO=10,000) against
dichloromethane. *H NMR (300 MHz, CDCl,/TMS, ppm) &:
The significant change is the disappearance of the epoxide
protons at 2.94, 2.75 and 2.47 ppm and the appearance of
signals at 3.64 and 2.97 ppm corresponding to the protons
neighboring the secondary amine of the PEG linker after
cross-linking. All other aspects of the spectrum are similar.
TEM analysis of the resulting nanoparticles is shown in FIG.
41. The particle size distribution, with unusually narrow poly-
dispersity, of the resulting nanoparticles is shown in FIG. 43.
To increase particle sizes, reaction times can be increased to
from about 24 h to about 48 h.

[0565]

[0566] Fluorescent multifunctional nanoparticle, negative
control particle, FD-1, and FD-2 uptake by mammalian cells

81. Uptake Experiment Protocol.
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was assessed using Hel.a cells, cancer cells, grown in
uncoated, 14 mm diameter Microwell, No. 1.5 MatTek
Dishes and a Zeiss LSM 510 META confocal microscope.
Hela cells were grown in Dulbecco’s Modified Eagle’s
Medium-Low Glucose (DMEM) (Sigma Aldrich) supple-
mented with 10% (v/v) fetal bovine serum (Gibco) and 1%
(v/v) antibiotic-antimycotic (Gibco). The cells were treated
with the multifunctional nanoparticles, negative control par-
ticles, FD-1, or FD-2 for one hour, washed three times with
Ca®*/Mg* free Phosphate Buffered Saline with EDTA
(PBS), fixed with 3.3% paraformaldehyde at room tempera-
ture for 10 minutes, and analyzed using confocal microscopy.
[0567] 82. Bioconjugate Molecular Transporter.

[0568] To prepare an exemplary antibody conjugated
molecular transporter, a G1-Newkome dendrimer that con-
tains nine t-butyl end functionalities and a primary amine
group at the focal point was prepared using disclosed methods
(FIG. 44). The amine functionality was reacted with 3-(2-
pyridinyldithio)propanoic acid via amide coupling reactions
with DCC/HOBt to form a protected dendimer with a reactive
core. The t-butyl ester groups on the periphery of the dendritic
scatfold were deprotected with formic acid to give free car-
boxylic acid groups that were coupled with N-Boc-1,6-di-
aminohexane. After deprotection of the Boc protecting
groups with 2M HCI in dioxane the free amines were trans-
formed into guanidine groups with N,N-diBoc-N-trifly-
Iguanidine and the subsequent deprotection of the Boc groups
using 2 M HCI in dioxane gave the desired compound
(Scheme 21).
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[0569] The final compound is designed to localize in the
cytoplasm of the cells, as an integrated a hexyl alkyl spacer is
present at the periphery of the dendrimer scaffold that was
previously found to be a feature for the specificity of its
subcellular location. Furthermore, the pyidinyldithio linker at
the focal point allows for the exchange with sulthydryl groups
to form bioconjugates that are connected over a disulfide
bond to afford a reductive cleavable linker that can maintain
activity of the biomolecule in cells. The IgG molecular trans-
porter conjugate (IgGMT) was formed by the mild reaction of
Alexa Fluor® 568 labeled IgG antibody in PBS buffer at RT
with the dendrimer (FIG. 44). Five transporter dendrimers
were attached to the IgG structure which has a molecular
weight of 148 kDa. The conjugate was dialyzed against PBS
buffer to remove any unreacted dendrons and the concentra-
tionin the dialysis tubing was chosen to be 1 mg ml~! IgGMT,
that allowed for the use of the solution directly for the uptake
and neutralization experiments.

[0570] First, the uptake efficiency of the IgGMT conjugate
into human epithelial cells (HEp-2) was tested. The 60%
confluently grown cells were incubated with IgGMT initially
for 10 min then for 30 min, 1, 2 and 6 h. The uptake efficiency
was studied with confocal microscopy and the uptake of the
bioconjugate could be observed as early as 10 min. Later time
points showed an increase of red fluorescence of the IgGMT
conjugate, progressing from the cell surface membrane to
localize intracellularly in the perinuclear area at time points
of'2 and 6 h. Contrary to the affinity and uptake of'the [gGMT
bioconjugate, the Alexa Fluor® 568 labeled, unmodified IgG
did not enter the cell at all times points investigated (FIG. 45).
After the uptake into HEp-2 cells was confirmed with no
evidence of cellular damage, the activity of the conjugate in
RSV infected cells that expressed green fluorescent protein
GFP as aresult of RSV infection was examined. First, HEp-2
cells were infected for 24 h with recombinant RSV-GFP,
washed and allowed to incubate for an additional 48 h. The
cells were then imaged with confocal microscopy at a total of
72 h after initial infection (FIG. 46). The typical syncytia
formation was observed, a combination and fusion of the
infected cells, together with the expression of the green fluo-
rescent protein (GFP). To study the neutralization effect of the
1gGMT, HEp-2 cells infected for 24 h with RSV-GFP were
incubated for 30 min with a solution of IgGMT in PBS buffer,
washed and imaged 48 h later (FIGS. 46a and b). By confocal

Jun. 6, 2013

microscopy it was observed that a significant reduction of the
green fluorescence of GFP (a) and a strong red fluorescence of
the Alexa Fluor® 568 labeled IgGMT conjugate (b). The
merged images of (a) and (b) combined with differential
interference contrast (DIC) also gave evidence of healthier
cells with significantly less syncytia formation than the
untreated infected cells at the same time period (FIG. 46¢).
This result illustrated the significant reduction of GFP in
treated cells in contrast to the untreated cells observed at a
total incubation time of 72 h after infection with RSV for 24
h. Besides the presence of neutralized cells that showed only
the red fluorescence of the conjugate, cells that showed the
coexistence of RSV-GFP and the red fluorescence of the
IgGMT, appearing in the center of the cells (FIG. 46 and FIG.
47, a+b merged) were also observed. Imaging directly after
the 30 min incubation of the RSV infected cells with the
IgGMT, showed the green fluorescence localized intracellu-
larly, whereas the red fluorescence was observed on the cell-
surface membranes (FIG. 47, a+b merged). These images
documented the high affinity of the conjugate with the cells
surface directly after the incubation period followed by the
uptake into the Hep-2 cells after an additional incubation time
01’48 h. Parallel investigations of the RSV titres of the super-
natant showed a significant reduction by 80-90% in viral
replication when compared to cells not exposed to the [gGMT
conjugate. Without wishing to be bound by theory, the intra-
cellular delivery of IgG antibody directed to the surface pro-
tein inhibits the syncytial formation mediated by the F protein
and has an effect on total virus production when added 24 h
after the initiation of RSV infection.

[0571] 83. Tailored Polyester Nanoparticles.

[0572] In this example, polyester nanoparticles in con-
trolled nanoscopic dimensions have been prepared through a
one-pot procedure that contains amine, keto, and allyl groups
and is tailored towards the conjugation of bioactive building
blocks, such as a dendritic molecular transporter to facilitate
cellular uptake, or peptides and dyes to accomplish targeting
and imaging. In several examples of bioconjugate synthesis,
demonstrated is the versatility and the orthogonal attachment
strategies involving high yielding thiol-ene reactions under
mild conditions and reductive amination reactions, circum-
venting the integration of linker and multi-step post-modifi-
cation pathways. Several linear nanoparticle precursors were
prepared according to Scheme 22.

Scheme 22. Linear precursor.

¢}
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[0573] After the collapse of the above linear precursors
using disclosed methods, the nanoparticle can be functional-
ized with a desired moiety. In contrast to reported strategies
that form amide bonds with polyester scaffolds using EDC
activation that are typically not very high yielding and require
a high excess of expensive peptides, in this example the
N-terminus of the targeting unit (e.g., a peptide) was reacted
with the keto group, integrated in the polymer backbone of the
developed polyester particle. In a model reaction, the success-
ful reductive amination of N-Boc-ethylenediamine with keto
groups of the particle has been shown and applied these
reaction conditions to test the addition of peptidic units. Here,
the targeting peptide sequence GCGGGNHVGGSSV was
tested and chosen for the reaction with the ABD nanoparticle,
with the nanoscopic dimension of 118 nm prepared from the

ABD linear precursor polymer with 1.5 equivalents of 2,2'-
(ethylenedioxy)bis(ethylamine) cross-linking units with the
conditions as described above (Scheme 22). The amine
groups of the nanoparticle were first capped with N-acetox-
ysuccinimide and the modified nanoparticle and the peptide
were solubilized in tetrahydrofuran with NaCNBH3 as the
reducing reagent.

[0574] After purification through dialysis the modified par-
ticles, 3, were characterized with 'H NMR and DLS. The
increase in hydrodynamic diameter from 118+10 nm to
120+10 nm indicated the addition of peptides to the polyester
backbone and further investigations with "H NMR showed
the conjugation of peptides with the characteristic resonance
peaks at 4.39 and 7.42 ppm. With additional analysis through
static light scattering (SLS) we could determine the amount
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of peptide attached to the nanoparticle that was estimated to
be between 36 of the intended attachment of 40 peptides per
particle.

[0575] This result confirmed the efficiency of the reductive
amination reactions with the N-terminus of the selected pep-
tidic units. Targeting units, however, that contain more than
one amine group give mixed conjugation products and an
alternative strategy has to be developed. For this reason, we
wanted to pursue thiol-ene type reactions that will be per-
formed between cysteine units, integrated into the sequence
close to the N-terminus, and double bonds that we find in
maleiimides, vinylsulfones or allyl groups. To integrate the
reaction partner for the thiol/cysteine containing units, such
as peptides, or oligonucleotides, into the nanoparticles, either
a suitable linker that would be attached to the prepared nano-
particle was synthesized or a method that would circumvent
the conjugation of a linker molecule to facilitate the attach-
ment of thiol containing entities was found. Therefore, the
integration of allyl groups in the polyester backbone as pen-
dant functional units that would be already present in the
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linear polyester precursor before nanoparticle formation was
studied. The available allyl groups that stem from the a-allyl-
d-valerolactone of the linear polyester precursors were oxi-
dized and converted entirely into epoxide groups to provide
units that would cross-link with the diamine. However, with
partial oxidation of the allyl group, linear polyester precur-
sors containing epoxide units and remaining allyl groups,
could be accomplished. In the next step, a linear polyester
AbD that was partially oxidized to comprise 16% of allyl
units and 11% of epoxide units was cross-linked with 1.5
equivalents of diamine, using the novel one-pot reaction pro-
cedure to examine the compatibility of the allyl groups to the
conditions of nanoparticle formation. The investigation of the
resulting particles with DLS showed that hydrodynamic
diameters corresponded to the size and solubility of the par-
ticles that did not contain any allyl groups. The allyl reso-
nance peaks were still present in the '"H NMR spectra of the
particles and were found to be analogous to the resonances of
the allyl functionalities in the linear precursor.

[0576] After attaching a fluorescent probe, a disclosed
cyclic peptide was attached, as shown in Scheme 23.
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[0577] In the next step, a combined dendritic, peptidic,

nanoparticle scaffold was synthesized according to Scheme

24.
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Scheme 24. Combination of dendritic and peptidic scaffold.
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[0578] For the first approach, linear peptides GCGGGNH-
VGGSSV with the recognition unit HVGGSSV with pro-
tected amines after capping with N-acetoxysuccinimide,
were conjugated to the allyl functionality of a ABbD nano-
particle of 126.6 nm through the thiol of the cysteine unit as
discussed above. In a following reaction, the imaging reagent
Alexa Fluor®594 was introduced to label around 20 of the
incorporated amine units of the nanoparticle. In a sequential

thiolene reaction, the conjugation of 30 dendritic transporter
molecules was achieved (Scheme 7), as was confirmed via "H
NMR spectroscopy. The sequential conjugation of the bioac-
tive compounds can be followed with an overlay of the "H
NMR spectra that show the addition of first the peptide and
the remaining allyl groups of the nanoparticle and the char-
acteristic peaks of the molecular transporter molecule at 2.0
and 3.2 ppm.
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[0579] Thereaction sequence was changed to obtain a simi-
lar bioconjugate product that was only differentiated by the
peptidic targeting unit. The amine groups of the ¢-RGD unit
were not capped to avoid inactivation of the Arginine® rec-
ognition unit. Therefore the conjugation strategy included
that the amine groups of the nanoparticle were first labeled
with the NHS Alex Fluor dye followed by the thiol-ene reac-
tion with the targeting unit as shown in Scheme 6. In the last
step, same as in the previous reaction, the dendritic trans-
porter unit was added in a sequential thiol-ene reaction
(Scheme 25).
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Scheme 25. Synthesis of NP-P-MT-dye, ABbD-NP-594-cRGD-MT (12), utilizing thiol-ene chemistry.
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[0580]
onstrate the versatility of the provided functional units of the
nanoparticle and proceeded with an orthogonal conjugation

In a third and last reaction sequence, we could dem-

approach. The free amine groups of the nanoparticle are
capped with N-acetoxysuccinimide to not interfere with the
following reductive amination reaction between the keto
group of the polyester backbone and the N-terminus of the
unmodified targeting peptide HVGGSSV. After the reductive
amination reaction was completed in the same fashion as
described for compound 3, a thiolene reaction between the
allyl groups of the nanoparticle and the thiol group of the

12

molecular transporter could achieve the attachment of 30
units according to 111 NMR spectroscopy analysis. The addi-
tional final characterization of the modified particles with
static light scattering (SLS) the number of conjugated pep-
tides peptides could determine the addition of 36 peptides to
the particle. In a last step, the NHS ester Alexa Fluor dye was
modified with thiol ethylamine (Scheme 26) to label exclu-
sively the particle through a thiol-ene reaction to image the
system in vitro. The Alexa Fluor 594 dye proved to be stable
under the conditions and another example of the chemical
versatility of the system was given.
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Scheme 26. Synthesis of NP-P-MT-dye conjugate, ABbD-NP-594-MT utlizing reductive amination and thiol-ene chemistry.
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TABLE 6
Summary of nanoparticle conjugates with definition of particle type depending on
linear polymer precursora and connected targeting peptideb: ‘¢’ for capped N-terminus of
peptide with HVGGSSV recognition unit via N-acetoxysuccinimide and ‘¢’ for cyclic RGD. ¢
Dendritic molecular transporter is abbreviated as M T, and the compound name is given in the
order of the attachment d.
Alexa Dendritic

Particle Targeting  Fluor ®  Molecular Compound
Type® Peptides” Dye  Transporter® Compound Name? Class
ABD HVGGSSV — — ABD-NP-HVGGSSV (3) NP-P
ABbD HVGGSSV — — ABbD-NP-HVGGSSV (14) NP-P
ABbD cHVGGSSV 594 — ABbD-NP-cHVGGSSV-594 (8) NP-P-dye
ABbD cRGD 594 — ABbD-NP-594-cRGD (10) NP-P-dye
ABbD — 594 MT ABbD-NP-594-MT (6) NP-MT-dye
ABbD cHVGGSSV 594 MT ABbD-NP-cHVGGSSV-594-MT (11) NP-P-MT-dye
ABbD cRGD 594 MT ABbD-NP-594-cRGD-MT (12) NP-P-MT-dye
ABbD HVGGSSV 594 MT ABbD-NP-594-MT (16) NP-P-MT-dye
[0581] Below are the experimental procedures relevant to dione (0.70 g, 5.46 mmol) was added. The round bottom flask
Example 123. was purged with argon. After purging for 30 min, dry toluene
[0582] Synthesis of Copolymer poly(vl-avl-opd) (AbD). (4 mL) was added. The mixture stirred in an oil bath at 80° C.

[0583] To a 25 mL 3-necked round bottom flask, equipped to dissolve the monomer. Upon dissolving, Sn(Oct), (11.1
with stir bar, gas inlet and 2 rubber septa, 2-oxepane-1,5- mg, 27.3 umol) in 0.5 mL dry toluene, absolute ethanol (20.5
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mg, 440 pmol), a-allyl-d-valerolactone (1.15 g, 8.19 mmol)
and d-valerolactone (1.37 g, 13.7 mmol) were then added to
the reactor and the mixture was heated for 48 h at 105° C.
Residual monomer and catalyst were removed by dialyzing
with Spectra/Por® dialysis membrane (MWCO=1000)
against CH2CI2 to give a golden brown polymer. Yield: 2.70
g (85%). Mw=3287 Da, PDI=1.17; "H NMR (300 MHz,
CDCL/TMS, ppm) &: 5.72 (m, H2C—CH—), 5.06 (m,
H2C—CH—), 4.34 (m, —CH2CH2C(O)CH2CH20—),
4.08 (m, —CH20—), 3.67 (m, —OCH2CH3), 2.78 (m, opd,
—OC(O)CH2CH2C(O)CH2-), 2.58 (m, opd, —OC(O)
CH2CH2C(0)CH2-), 2.34 (m, vl, —CH2CH2C(0)O—, avl,
H2C—CHCH2CH—, H2C—CHCH2CH—), 1.66 (m, avl &
vl, —CHCH2CH2-), 1.25 (t, —CH2CH3); '*C NMR (400
MHz, CDCl,, ppm) d: 204.9, 175.2, 173.7, 173.2, 135.0,
117.0, 63.9, 44.8,36.4, 33.6, 28.0, 26.3, 21.3.

[0584] Synthesis of poly(vl-evl-opd) (ABD).

[0585] To asolution of AbD (2.70 g, 4.67 mmol) in CH,Cl,
(37 mL), 3-chloroperoxybenzoic acid (1.46 g, 8.48 mmol)
was added. The mixture stirred for 72 h at room temperature
and then concentrated via rotary evaporator. The crude prod-
uct was dissolved in a minimal amount of tetrahydrofuran
(THF) (5 mL) and dropped into a round bottom flask contain-
ing 1 L diethyl ether. The solution was kept overnight at 0° C.
and a white solid was obtained. The solution was decanted off
and the solid was dried in vacuo to obtain ABD. Yield: 1.95 g
(72%). Mw=3392 Da, PDI=1.19. '"H NMR (300 Mz,
CDCl,/TMS) &: The significant change is the disappearance
of'the allylic protons at 5.74 and 5.09 ppm and the appearance
of small broad resonance peaks at 2.94, 2.75 and 2.47 ppm
due to the formation of the epoxide ring. All other aspects of
the spectrum are similar.

[0586] Nanoparticle Formation from Poly(vl-evl-opd)
(ABD).
[0587] A solution of ABD (0.11 g, Mw=3392 Da, PDI=1.

19) dissolved in CH,Cl, (0.26 mL) was added dropwise via a
peristaltic pump at 13 ml/min with vigorous stirring to a
solution of 2,2'-(ethylenedioxy)diethylamine (76.4 uL, 0.52
umol) in CH,Cl, (40.3 mL) at 44° C. The mixture was heated
for 12 h. Residual diamine was removed by dialyzing with
SnakeSkin® Pleated Dialysis Tubing (MWCO=10,000)
against dichloromethane. Yield: 0.17 g (91%). DLS:
DH=118.3+9.6 nm. SLS: Mw=323,000. 'HNMR (300 MHz,
CDCIL,/TMS) &: The significant change is the disappearance
of the epoxide protons at 2.94, 2.75 and 2.47 ppm and the
appearance of signals at 3.54 and 2.97 ppm corresponding to
the protons neighboring the secondary amine of the PEG
linker after cross-linking. All other aspects of the spectrum
are similar.

[0588] N-Boc-Ethylenediamine (NBED) Conjugated ABD
Nanoparticles.

[0589] To a solution of ABD nanoparticles (20 mg, 0.06
pmol) in THF (2 mL), N-acetoxysuccinimide (0.02 g, 0.13
mmol) was added. The reaction mixture stirred for 3 h.
Residual N-acetoxysuccinimide was removed by dialyzing
with SnakeSkin® Pleated Dialysis Tubing (MWCO=10,000)
against THF. Once the product was concentrated and dried,
the nanoparticles (18 mg, 0.05 umol) were dissolved in a
mixture of CH,Cl, and CH30H (1:1, v/v, 2 mL). To this
solution, N-Boc-ethylenediamine (4.6 uL. of 1.59 MNBED in
CH,OH) and NaCNBH3 (21.8 pL of 1.0 M NaCNBH3 in
THF) were added. The reaction mixture stirred for 12 h at
room temperature and then was purified by dialyzing with
SnakeSkin® Pleated Dialysis Tubing (MWCO=10,000)
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against 1:1 CH,Cl,/CH;OH. Yield: 18 mg (88%). DLS:
DH=119.5+10.3 nm; original particle DH=118.3+9.6 nm. 'H
NMR (300 MHz, CDCL;/TMS): The significant change is the
appearance of the peak at 1.43 ppm due to the Boc protecting
group. All other aspects of the spectrum are similar to that of
the ABD nanoparticles.

[0590] General Procedures for the Synthesis of HVGGSSV
Peptide (1).

[0591] The HVGGSSV peptide was synthesized by solid-
phase peptide synthesis using standard Fmoc chemistry on a
Model 90 Peptide Synthesizer (Advanced ChemTech). Gen-
eral procedure: Attachment of N-Fmoc amino acids to resin.
After swelling with dichloromethane (20 mL) for 20 min,
H-val-2-Cl-Trtresin (0.20 g, 1.03 mmol/g, 0.21 mmol surface
amino acids) was treated with a solution of Fmoc-protected
amino acids (4.4 equiv, 0.9 mmol) in dimethylformamide
(DMF) (9 mL). The amino acids were attached to the resin
using double coupling with a solution (9 mL) consisting of
N-hydroxybenzotriazole monohydrate (HOBt) (0.9 mmol,
0.14 g) o-(benzotriazole-N,N,N',N'-tetramethyluronium
hexafluorophosphate (0.9 mmol, 0.34 g), N,N'-diisopropyl-
ethylamine (DIPEA) (1.8 mmol, 0.31 mL) in 9mL DMF. The
reaction mixture was shaken for 60 min and washed with
DMF (4x10 mL), methanol (4x10 mL) and DMF (4x10mL.).
The end of'the coupling was controlled by the Ninhydrin test.
A 20% (v/v) piperidine in DMF solution was used to depro-
tect the Fmoc groups. The amino acids were attached to the
resin in the following sequence: Ser, Ser, Gly, Gly, Val, His,
Asn, Gly, Gly, Gly, Cys, and Gly.

[0592] General Procedure: Cleavage from Resin.

[0593] The resin was treated with Reagent R, a solution of
TFA, thioanisole, anisole, and ethanedithiol (90:5:3:2, 6 mL.),
for 4 h. After removal of the resin by filtration, the filtrate was
concentrated to precipitate the peptide with cold diethyl ether.
Crude peptides were purified by RP-HPLC and lyophilized.
Peptide identity was confirmed by MALDI-MS (m/z: 1087.
D).

[0594] HVGGSSV Conjugated ABD Nanoparticles (3).
[0595] To a solution of ABD nanoparticles (20.0 mg, 0.06
pmol) in THF (2 mL), N-acetoxysuccinimide (3 mg, 18.1
pmol) was added. The reaction mixture stirred for 3 h.
Residual N-acetoxysuccinimide was removed by dialyzing
with SnakeSkin® Pleated Dialysis Tubing (MWCO=10,000)
against 1:1 THF/CH;OH to give amine capped ABD nano-
particles, 2. To a solution of 2 (0.0174 g, 0.05 pmol, in 3 mL,
THF), 1 (3.5 mg, 3.18 pmol) dissolved in DMSO (2 mL.) and
NaCNBH3 (6.36 ul. 1.0 M NaCNBH3 in THF) were added.
The reaction mixture stirred for 12 h at room temperature. The
reaction mixture was purified by dialyzing with SnakeSkin®
Pleated Dialysis Tubing (MWCO=10,000) against 1:1 THF/
CH3CN. Yield: 19 mg (88%) DLS: DH=120.5+10.2 nm;
original particle DH=118.3+9.6 nm. SLS: Mw=362,000;
original particle Mw=323,000. "H NMR (600 MHz, (CD3)
280) &: The significant change is the appearance of the fol-
lowing peaks: 8.26-7.87, 7.42, 6.90, 4.39, and 4.25 ppm due
to the attachment of the peptide. All other aspects of the
spectrum are similar to that of the ABD nanoparticles.
[0596] Synthesis of poly(vl-evl-avl-opd) (ABbD).

[0597] To asolution of AbD (1.70 g, 1.56 mmol) in CH,Cl,
(30 mL), 3-chloroperoxybenzoic acid (0.22 g, 1.28 mmol)
was added. The mixture stirred for 72 h at room temperature
and then was concentrated via rotary evaporator. The crude
product was dissolved in a minimal amount of THF (5 mL)
and poured into a round bottom flask containing 1 L diethyl
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ether. The solution was kept overnight at O C and a white solid
was obtained. The solution was decanted off and the solid was
dried in vacuo to obtain ABbD. Yield: 1.2 g (71%). Mw=3356
Da, PDI=1.18. 1H NMR (300 MHz, CDCL,/TMS, ppm) d:
572 (m, H2C—CH—), 5.06 (m, H2C—CH—), 4.34 (m,
—CH2CH2C(O)CH2CH20—), 4.08 (m, —CH20—), 3.67
(m, —OCH2CH3), 2.96 (m, epoxide proton), 2.78 (m, evl
epoxide proton, opd, —OC(O)CH2CH2C(O)CH2-), 2.58
(m, opd, —OC(O)CH2CH2C(O)CH2-), 2.47 (epoxide pro-
ton), 234 (m, vl —CH2CH2C(O)O—, avl,
H2C—CHCH2CH—, H2C—CHCH2CH—), 1.66 (m, avl &
vl, —CHCH2CH2-), 1.25 (t, —CH2CH3).

[0598] Nanoparticle Formation from ABbD.

[0599] A solution of ABbD (0.21 g, Mw=3356 Da, PDI=1.
18) dissolved in CH,Cl, (0.39 mL) was added dropwise via a
peristaltic pump at 13 ml/min with vigorous stirring to a
solution of 2,2'-(ethylenedioxy)diethylamine (42.6 ul, 0.29
mmol) in CH2CI12 (60 mL) at 44° C. The reaction mixture was
heated for 12 h. Residual diamine was removed by dialyzing
with SnakeSkin® Pleated Dialysis Tubing (MWCO=10,000)
against dichloromethane. Yield: 0.24 g (96%). DLS:
DH=123.4+9.22 nm. SLS: Mw=345,000. '"H NMR (300
MHz, CDCIL,/TMS) &: The significant change is the disap-
pearance of the epoxide protons at 2.96, 2.75 and 2.47 ppm
and the appearance of signals at 3.56 and 2.98 ppm corre-
sponding to the protons neighboring the secondary amine of
the PEG linker after crosslinking. All other aspects of the
spectrum are similar to that of ABbD.

[0600] One Pot Synthesis of Nanoparticles from ABbD.

[0601] To a solution of 2,2'(ethylenedioxy)diethylamine
(26.2 pL, 0.18 mmol) in CH,Cl, (34.6 mL), a solution of
ABDbBD (0.13 g, Mw=3356 Da, PDI=1.18) in CH,Cl, (0.24
ml) was added. The mixture was heated at 44° C. for 12 h.
Residual diamine was removed by dialyzing with
SnakeSkin®Pleated Dialysis Tubing (MWCO=10,000)
against CH2CI2. Yield: 0.15 g (94%). DLS: DH=126.6£9.3
nm. SLS: Mw=350,000. 1H NMR (300 MHz, CDC13/TMS)
d: The significant change is the disappearance of the epoxide
protons at 2.94, 2.75 and 2.47 ppm and the appearance of
signals at 3.54 and 2.97 ppm corresponding to the protons
neighboring the secondary amine of the PEG linker after
cross-linking. All other aspects of the spectrum are similar to
that of ABbD.

[0602] General Procedure for the Attachment of Benzyl
Mercaptan to ABbD Nanoparticles.

[0603] To a solution of ABbD nanoparticles (15 mg, 0.04
umol) in toluene (0.5 mL), benzyl mercaptan (3.5 pL, 29
umol) was added. The reaction mixture was heated for 72 h at
35° C. The remaining toluene was removed in vacuo and
residual benzyl mercaptan was removed by dialyzing with
SnakeSkin® Pleated Dialysis Tubing (MWCO=10,000)
against CH2CI12. 1H NMR (300 MHz, CDCL,/TMS) §: The
significant change is the reduction of the allyl protons at 5.72
and 5.06 ppm and the appearance of signals at 3.73 and 7.30
ppm corresponding to the methylene and benzene protons
respectively of the attached benzyl mercaptan. All other
aspects of the spectrum are similar to that of ABbD nanopar-
ticles.

[0604] Deprotection of molecular transporter (MT) (5)
(contribution of Sharon Hamilton). To a solution of LL-MT
(15 mg, 4.56 umol) in CH,OH (0.4 mL), a solution of D,L-
dithiothreitol in CH;OH (0.2 mL) was added. The reaction
mixture stirred for 3 h at room temperature. Residual dithio-
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threitol was removed by purification with Sephadex [LH-20.
The product was immediately attached to ABbD nanopar-
ticles.

[0605] Model reaction of attachment of M T to ABbD nano-
particles. To a solution of ABbD nanoparticles (15 mg, 0.04
umol) in CH;0H (0.2 mL), 5 (11 mg, 3.35 umol) in CH;OH
(0.4 mL) was added. The reaction mixture was heated for 72
hat 37° C. Residual 5 was removed by dialyzing with Snake-
Skin® Pleated Dialysis Tubing (MWCO=10,000) against
methanol. Yield: 31.3 mg (89%). DLS: DH=128.9+10.2 nm;
original particle DH=126.629.3 nm. 'H NMR (300 MHz,
CD30D) 6: The significant change is the reduction of the allyl
protons at 5.72 and 5.06 ppm and the appearance of signals at
2.20-1.98 (CH2), 1.57 (CH2) and 1.39 (CH2) ppm due to the
dendritic backbone of the MT. All other aspects of the spec-
trum are similar to that of ABbD nanoparticles.

[0606] Alexa Fluor® 594 conjugated ABbD nanoparticles
(4). To a solution of ABbD nanoparticles (0.021 g, 0.06
mmol) in dry THF (1.5 mL), Alexa Fluor® 594 (0.14 mL of
10 mg/mL Alexa Fluor® 594 in DMF, 1.7 mop was added.
The reaction mixture stirred for 24 h at room temperature.
Residual Alexa Fluor® 594 was removed by dialyzing with
SnakeSkin® Pleated Dialysis Tubing (MWCO0=10,000)
against CH;OH. Yield: 15.2 mg (88%). 1H NMR (300 MHz,
CD30D) &: The significant change is the appearance of the
following peaks due to Alexa Fluor® 594: 7.14-7.20, 6.78,
5.48, 4.48, 3.62, 3.43, and 1.24 ppm. 1H NMR (600 MHz,
(CD3)2S0) d: The significant change is the appearance of the
following peaks due to Alexa Fluor® 594: 7.52, 7.47, 7.08,
532, 4.44, 435, 3.58, 3.16, 2.03, and 1.25 ppm. All other
aspects of the spectrum are similar to that of ABbD nanopar-
ticles.

[0607] Attachment of MT to Alexa Fluor® 594 Conjugated
ABbD Nanoparticles, NP-594-MT (6).

[0608] To asolution of 4 (8 mg, 0.89 umol) in CH,OH (0.2
mL), 5 (7.5 mg, 2.27 pmol) in CH;OH (0.4 mL) was added.
The reaction mixture was heated for 72 h at 37° C. Residual 5
was removed by dialyzing with SnakeSkin® Pleated Dialysis
Tubing (MWCO=10,000) against CH30OH. Yield: 10.0 mg
(91%). DLS: DH=129.4+9.8 nm; original particle DH=126.
6+9.3 nm. 1H NMR (300 MHz, CD30D) &: The significant
change is the reduction of the allyl protons at 5.72 and 5.06
ppm and the appearance of signals at 2.20-1.98 (CH2), 1.57
(CH2) and 1.39 (CH2) ppm due to the dendritic backbone of
the MT. All other aspects of the spectrum are similar to that of
4.

[0609] N-Acetoxysuccinimide Conjugated HVGGSSV
Peptide, cHVGGSSV (7).

[0610] Toasolutionof1(29.4mg,2.7x10~> mol) dissolved
in CH3CN (3 mL), N-acetoxysuccinimide (0.42 g, 2.7x1073
mol) was added. The reaction mixture stirred for 3 h at room
temperature. After removal of the solvent under reduced pres-
sure, the crude product was purified by RP-HPL.C. MALDI-
MS: m/z=(M+H+) 1174.2.

[0611] Capped HVGGSSV Conjugated Alexa Fluor® 594-
ABbD Nanoparticles, NP-cHVGGSSV-594.

[0612] To a solution of ABbD nanoparticles (0.021 g, 0.06
mmol) in dimethylsulfoxide (0.7 mL), 7 (6.4 mg, 5.46 mmol)
was added. The reaction mixture was heated for 72h at 33° C.
To this solution, Alexa Fluor® 594 (0.14 mL of 10 mg/mL
Alexa Fluor® 594 in DMF, 1.7 umol) was added. Residual
Alexa Fluor® 594 and peptide were removed by dialyzing
with SnakeSkin® Pleated Dialysis Tubing (MWCO=10,000)
against 1:1 CH,;OH/CH3CN. Yield: 20.1 mg (80%). DLS:
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DH=128.9£10.9 nm; original particle DH=126.6+9.3 nm. 1H
NMR (600 MHz, (CD3)2S0) §: The significant change is the
reduction of the allyl protons at 5.72 and 4.97 ppm and the
appearance of the following sets of significant signals: 8.21,
7.83, 4.55, 3.73 and 0.80 ppm due to the peptide, and 7.25,
7.16, 6.53,5.32, 4.44, 437, and 1.25 ppm due to the Alexa
Fluor® 594. All other aspects of the spectrum are similar to
that of ABbD nanoparticles.

[0613] Attachment of MT to cHVGGSSV Conjugated
Alexa Fluor® 594-ABbD Nanoparticles, NP-cHVGGSSV-
594-MT.

[0614] To asolution of 8 (6 mg, 0.02 umol) in DMSO (0.1
mL), 5 (2 mg, 0.88 umol) in CH;OH (0.3 mL.) was added. The
reaction mixture was heated for 48 h at 33° C. Residual 5 was
removed by dialyzing with SnakeSkin® Pleated Dialysis
Tubing (MWCO=10,000) against 1:1 CH3OH/CH3CN.
Yield: 7.4 mg (93%). DLS: DH=130.7+9.4 nm; original par-
ticle DH=126.6+9.3 nm. 1HNMR (600 MHz, (CD3)2S0) §:
The significant change is the reduction of the allyl protons at
5.72 and 4.97 ppm and the appearance of signals at 3.06
(CH2),2.96 (CH2), 1.97 (CH2), 1.77 (CH2), 1.41 (CH2) and
1.35 (CH2) ppm due to the dendritic backbone of the MT. All
other aspects of the spectrum are similar to that of 8.

[0615] Synthesis of Cyclic RGD, cRGD (9)

[0616] The RGD peptide was synthesized by solid-phase
peptide synthesis using standard Fmoc chemistry on a Model
90 Peptide Synthesizer (Advanced ChemTech).

[0617] Synthesis of Linear RGD.

[0618] After swelling with dichloromethane (20 mL),
Fmoc-Cys-2-Cl-Trt resin (0.20 g, 0.9 mmol/g, 0.18 mmol
surface amino acids) was deprotected with a 20% (v/v) pip-
eridine in DMF solution and treated with a solution of Fmoc-
protected amino acid (4.4 equiv, 0.9 mmol) in dimethylfor-
mamide (DMF) (9 mL). The amino acids were attached to the
resin using double coupling with a solution (9 mL) consisting
of N-hydroxybenzotriazole monohydrate (0.9 mmol, 0.14 g)
0-(benzotriazole-N,N,N',N'-tetramethyluronium hexafluoro-
phosphate (0.9 mmol, 0.34 g), N,N'-diisopropylethylamine
(1.8 mmol, 0.31 mL) in 9 mL. DMF. The reaction mixture was
shaken for 60 min and washed with DMF (4x10 mL.), metha-
nol (4x10 mL) and DMF (4x10 mL). A 20% (v/v) piperidine
in DMF solution was used to deprotect the Fmoc groups. An
amino-ahexyl spacer was coupled to the cystine on the resin,
followed by glutamic acid, aspartic acid, glycine, arginine,
phenylalanine, and finally lysine.

[0619] Cyclization of RGD.

[0620] The peptide was cyclized by utilizing an ODmab
group, which allows for the selective deprotection carboxylic
acid side chain of the glutamic acid, which can then be
coupled to the N-terminus. The ODmab was deprotected
using 2% v/v hydrazine monohydrate/DMF added to the resin
and shaken for 7 min. Next it was washed with 20 mL of DMF
followed by 10 mL of a 5% v/v DIPEA/DMF solution which
was allowed to shake for 10 min. Carboxy activation was
achieved through the use of N,N'-dicyclohexylcarboimide
(DCC) (44.6 mg, 0.22 mmol) and hydroxybenzotriazole
(HOBY) (29.2 mg, 0.22 mmol) which was added to 10 mL of
DMEF and then added to the resin and allowed to shake for 18
h.

[0621] General Procedure: Cleavage from Resin.

[0622] The resin was treated with Reagent R, a solution of
TFA, thioanisole, anisole, and ethanedithiol (90:5:3:2, 6 mL),
for 3 h. After removal of the resin by filtration, the filtrate was
concentrated to precipitate the peptide with cold diethyl ether.
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The crude peptide was collected by centrifugation, purified
by RP-HPLC and lyophilized. Peptide identity was con-
firmed by MALDI-MS (m/z: 945).

[0623] Attachment of cRGD to Alexa Fluor® 594 Conju-
gated ABbD Nanoparticles, NP-594-cRGD (10).

[0624] To asolution of ABbD nanoparticles (23.0 mg, 0.07
umol) in THF (2.3 mL), Alexa Fluor® 594 (0.15 mL of 10
mg/ml Alexa Fluor® 594 in DMF, 1.83 umol) was added.
After stirring the reaction mixture for 24 h at room tempera-
ture, the solvent was removed via rotary evaporator. To the
Alexa Fluor® 594 conjugated nanoparticles, methanol (0.35
ml)and 9 (5.7 mg, 6.0 umol), dissolved in DMSO (0.35 mL),
were added. The reaction mixture was heated for 72 h at 33°
C. Residual Alexa Fluor® 594 and peptide were removed by
dialyzing with SnakeSkin® Pleated Dialysis Tubing
(MWCO=10,000) against 1:1 CH30H/CH3CN. Yield: 22.0
mg (81%). DLS: DH=129.849.6 nm; original particle
DH=126.6+9.3 nm. 1H NMR (600 MHz, (CD3)2S0) §: The
significant change is the reduction of the allyl protons at 5.72
and 4.97 ppm and the appearance of the following sets of
significant signals: 7.37, 4.79, 2.23 and 1.66 ppm due to
cRGD, and 7.25, 6.55, 5.31, 4.44, and 1.23 ppm due to the
Alexa Fluor® 594. All other aspects of the spectrum are
similar to that of ABbD nanoparticles.

[0625] Attachment of MT to ¢cRGD Conjugated Alexa
Fluor® 594-ABbD Nanoparticles, NP-594-cRGD-MT (12).
[0626] To a solution of 10 (7.8 mg, 0.02 umol) in DMSO
(0.1 mL), 5 (1.4 mg, 0.67 mop in CH30H (0.3 mL) was
added. The reaction mixture was heated for 48 h at 33° C.
Residual 5 was removed by dialyzing with SnakeSkin®
Pleated Dialysis Tubing (MWCO=10,000) against 1:1
CH30OH/CH3CN. Yield: 7.6 mg (83%). DLS: DH=131.
9£10.6 nm; original particle DH=126.6+9.3 nm. 'H NMR
(600 MHz, (CD3)2S0) 6: The significant change is the reduc-
tion of the allyl protons at 5.72 and 4.97 ppm and the appear-
ance of signals at 3.04 (CH2), 2.98 (CH2), 1.98 (CH2), 1.75
(CH2), 1.41 (CH2), and 1.35 (CH2) ppm due to the dendritic
backbone of the MT. All other aspects of the spectrum are
similar to that of 11.

[0627] HVGGSSV Conjugated ABbD Nanoparticles, NP-
HVGGSSV (14).

[0628] To asolution of ABbD nanoparticles (50.0 mg, 0.14
mol) in THF (2 mL), N-acetoxysuccinimide (7 mg, 44.5
pmol) was added. The reaction mixture stirred for 3 h.
Residual N-acetoxysuccinimide was removed by dialyzing
with SnakeSkin® Pleated Dialysis Tubing (MWCO=10,000)
against 1:1 THF/CH;OH to give amine capped ABbD nano-
particles, 13. To a solution of 13 (50.0 mg, 0.14 umol, in 3 mL,
THF), 1 (9.3 mg, 8.57 pmol) dissolved in DMSO (2 mL.) and
NaCNBH3 (17.1 uLL 1.0 M NaCNBH3 in THF) were added.
The reaction mixture stirred for 12 h at room temperature. The
reaction mixture was purified by dialyzing with SnakeSkin®
Pleated Dialysis Tubing (MWCO=10,000) against 1:1 THF/
CH3CN. Yield: 43.2 mg (83%). DLS: DH=129.7+9.5 nm;
original particle DH=126.6£9.3 nm. SLS: Mw=391,000;
original particle Mw=350,000. 'H NMR (600 MHz, (CD3)
280, ppm) 0: The significant change is the appearance of the
following peaks: 8.21, 7.85, 4.55, 3.73 and 0.80 ppm due to
the peptide. All other aspects of the spectrum are similar to
that of ABbD nanoparticles.

[0629] Thiolated Alexa Fluor® 594 (15).

[0630] To a solution of Alexa Fluor® 594 (0.2 mL of 10
mg/ml Alexa Fluor® 594 in DMF, 2.4 umol), cystemaine
(68.4 uL. of 2.5 mg/mL cysteamine in DMSO, 2.2 umol) was
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added. The reaction mixture stirred for 3 h at room tempera-
ture. The product was immediately attached to 14.

[0631] Attachment of MT to HVGGSSYV conjugated Alexa
Fluor® 594-ABbD nanoparticles, NPHVGGSSV-594-MT
(16). To a solution of 14 (16 mg, 0.04 umol) in DMSO (0.2
mL), 15 (2 mg, 1.95 pmol) in DMSO (0.2 mL.) and 5 (2.7 mg,
1.2 umol) in CH30OH (0.4 mL) were added. The reaction
mixture was heated for 48 hat 33° C. Residual 5 and 15 were
removed by dialyzing with SnakeSkin® Pleated Dialysis
Tubing MWCO=10,000) against CH;OH. Yield: 18.5 mg
(86%). DLS: DH=132.1£9.3 nm; original particle DH=126.
6+9.3 nm. 'H NMR (600 MHz, (CD3)2S0) 8: The significant
change is the reduction of the allyl protons at 5.72 and 4.97
ppm and the appearance of the following sets of significant
signals: 3.08, 2.99, 1.97, 1.79, 1.43 and 1.34 ppm due to the
dendritic backbone of the MT, and 7.27, 7.07, 6.53, 5.32,
4.46, 437, and 1.24 ppm due to the Alexa Fluor® 594. All
other aspects of the spectrum are similar to that of 14.
[0632] 84.Paclitaxel Encapsulation in poly(vl-evl-avl-opd)
(ABbD) Nanoparticles.

[0633] To a 150 ml beaker containing D-a-tocopherol
polyethylene glycol 1000 succinate (0.39 g) dissolved in
Lonza cell culture water (78 mlL), poly(vl-evl-avl-opd),
ABbD, nanoparticles (0.17 g) and paclitaxel (34.0 mg) dis-
solved in dimethyl sulfoxide (0.75 mL) was added slowly
with vigorous stirring. The solution was split into two 50 mL
centrifuge tubes. The paclitaxel loaded nanoparticles were
purified by applying two cycles of centrifugation (8000 rpm
for 1 h) and reconstitution with cell culture water. The nano-
particle suspension was then lyophilized. The loading ratio of
paclitaxel for the encapsulation was determined by Nano-
Drop UV/Vis and was found to be 11.34%.

[0634] 85.1InVivo Administration of Nanoparticle-Biocon-
jugate.
[0635] Five adult Sprague-Dawley rats were sacrificed by

lethal inhalation of CO,. At the moment of euthanasia, eight
eyes of four rats were treated with a solution of 2x107> M
nanoparticle conjugate in a molar ratio of 5:1 (dye:trans-
porter) up to 15 minutes, one rat served as the no treatment
control. The solution was dropped with a micropipette on to
the cornea and multiple drops were instilled in series to main-
tain a tear meniscus over the cornea. The rats were kept in the
dark in a cold room for two hours after the treatment and
underwent encleation of the globe with optic nerve stump
attached. The eye globes with attached optic nerves were
placed in 4% paraformaldehyde until paraffin embedding.
The paraffin blocks were cut into 4-um sections and were
stained with traditional DAPI dye. Slides were viewed at
40x’s magnification using a digital fluorescent microscope
Olympus Provis AX70 digitally interfaced with a semi-
cooled CCD camera to visualize Alexa Fluor 594-labeled
transporter. Background autofluorescence was subtracted and
the settings were held constant for both the control and the
treatment eyes. To proof and image the intended eye region,
images of the same location were measured under the DAPI
and Alexafluor wavelength with the microscope-mounted
camera (see FIG. 50, A-D).

[0636] 86. Synthesis of Copolymer poly(vl-opd).

[0637] To a 25 mL 3-necked round bottom flask, equipped
with stir bar, 2-oxepane-1,5-dione (0.7 g, 5.46 mmol) was
added and the flask was sealed with two septa and a gas inlet.
The flask was evacuated and refilled with argon three times.
Dry toluene (4 mL) was added and the mixture stirred in an oil
bath at 70° C. to dissolve the monomer. Upon dissolving,
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Sn(Oct), (20 mg, 5.48x1072 mmol in 0.5 mL dry toluene),
absolute ethanol (51.1 pL, 8.86x10~! mmol), and §-valero-
lactone (2.87 mL, 30.7 mmol) were added. The temperature
of'the oil bath was increased to 105° C. and the mixture stirred
for 48 h. The crude product was dissolved in a minimal
amount of THF (5 mL) and poured into a round bottom flask
containing 1 L diethyl ether. The solution was kept overnight
at 0° C. and a white solid was obtained. The solution was
decanted off and the solid was dried in vacuo to obtain poly
(vl-opd). Yield: 2.31 g. M, =3525 Da, PDI=1.27; 'H NMR
(300 MHz, CDCL,/TMS, ppm) &: 4.34 (m, opd, —CH2CH2C
(O)CH2CH20—), 4.08 (m, vl, —CH20—), 3.65 (m,
—OCH2CH3), 2.74 (m, opd, —OC(O)CH2CH2C(0)—),
2.60 (m, opd, —CH2CH2C(O)CH2CH2-), 2.34 (m, vl,
—CH2CH2C(0)0—), 1.68 (m, vl, —CHCH2CH2-), 1.25
(m, —CH2CH3).

[0638] 87. Nanoparticle Formation from poly(vl-opd) Via
Reductive Amination.

[0639] Ina 100 mL round bottom flask equipped with stir
bar, poly(vl-opd) (0.16 g) was dissolved in CH,Cl, (11.5
ml). After dissolving the polymer, tetrahydrofuran (11.5
ml), 2,2'-(ethylenedioxy)bisethylamine (16.9 plL, 0.12
mmol), and NaBH,CN (1.2 mL, 1.2 mmol) were added. The
pH was adjusted to 6-7 using 1M NaOH and the reaction
stirred for 12 h at room temperature. Residual polymer,
diamine and NaBH;CN were removed by dialyzing with
SnakeSkin® Pleated Dialysis Tubing (MWCO0=10,000)
against 50/50 CH,CL,/CH,OH. '"H NMR (300 MHz, CDCl,/
TMS, ppm) &: The significant change is the appearance of
signals at 3.66 ppm corresponding to the protons neighboring
the secondary amine of the PEG linker after cross-linking. All
other aspects of the spectrum are similar. The particle size of
the nanoparticles formed for various stoichiometries was
investigated by dynamic light scattering, as tablated in Table
5, below.

TABLE 5

Size Analysis from Dynamic Light Scattering

Diameter (nm) Diameter (nm)

Amine/ Ab | nanoparticles Ab, nanoparticles
1 Keto 7% keto 12% keto
2 11.3+1.2 185+1.9
3 20.7 £ 1.8 26424
4 38.1 £4.0 47.1 £4.9
6 774 £6.7 107.6 8.9
[0640] A example preparation of degradable polyester

nanoparticle from copolymer poly(vl-opd) is illustrated in
FIG. 51. A transmission electron microscopy (TEM) image of
particles formed is provided in FIG. 52.

[0641] 88. General Nanoparticle Formation Utilizing 3,6-
dioxa-1,8-octanedithiol.

[0642] A solution of poly(avl-vl) (0.14 g, M, =3042 Da,
PDI=1.18) dissolved in CH,Cl, (0.16 ml.) was added to a
solution of 3,6-dioxa-1,8-octanedithiol (19.6 uL., 0.12 mmol)
in CH,Cl, (24.6 mL). The reaction mixture was heated for 12
h at 45° C. Residual dithiol was removed by dialyzing with
SnakeSkin® Pleated Dialysis Tubing (MWCO0=10,000)
against CH,Cl,. Yield: 0.13 g. DLS: D,,~=72.6+2.8 nm. 'H
NMR (300 MHz, CDC1,/TMS) &: The significant change is
the reduction of the allyl protons at 5.06 and 5.77 ppm and the
appearance of signals at 3.65 and 2.71 ppm corresponding to
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the protons neighboring the thiols of the PEG linker after
cross-linking. All other aspects of the spectrum are similar to
that of poly(avl-vl).

[0643] 89. General Nanoparticle Formation Utilizing Peg
Dithiol.
[0644] A solution of poly(avl-vl) (0.13 g, M, =3042 Da,

PDI=1.18) dissolved in CH,Cl, (0.16 mL) was added to a
solution of PEG dithiol (0.13 g, 38.1 umol) in CH,Cl, (23.5
mL). The reaction mixture was heated for 12 h at 45° C.
Residual dithiol was removed by dialyzing with SnakeSkin®
Pleated Dialysis Tubing (MWCO=25,000) against CH,Cl,.
Yield: 0.11 g. DLS: D;,=33.7+3.8 nm. 'H NMR (300 MHz,
CDCIL,/TMS) 8: The significant change is the reduction of the
allyl protons at 5.06 and 5.77 ppm and the appearance of
signals at 3.65 and 2.71 ppm corresponding to the protons
neighboring the thiols of the PEG linker after cross-linking.
All other aspects of the spectrum are similar to that of poly
(avl-vl).

[0645] 90. Synthesis of Copolymer poly(propargylvalero-
lactone-valerolactone) (poly(pvl-vl)).

[0646] A 25 mL 3-necked round bottom flask, equipped
with stir bar, was sealed with two septa and a gas inlet. The
flask was evacuated and refilled with argon three times. Stock
solutions of 1.7 M ethanol (EtOH) in THF and 3.7x107M
tin(Il) 2-ethylhexanoate (Sn(Oct),) in THF were made in
sealed Ar ,, purged flasks. Solutions of EtOH (0.13 mL, 0.22
mmol) and Sn(Oct), (0.12 mL, 4.3x10~> mmol) were com-
bined in the Ar,,, purged 3-necked round bottom flask. After
stirring the mixture for 20 min, a-propargyl-d-valerolactone
(pvl, 0.35 g, 2.5 mmol) and 4-valerolactone (v, 1.1 g, 10.0
mmol) were added. The reaction vessel stirred at 105° C. for
48 h. Residual monomer and catalyst were removed by pre-
cipitating the polymer into cold diethyl ether to give a golden
brown polymer. Yield: 1.18 g (81.4%). M, =3000 Da, PDI=1.
18. 'H NMR (300 MHz, CDC1,/TMS): 8 4.10 (m, —CH,—
0—), 3.64 (m, CH;CH,0—), 259 (m, pvl],
HC=CCH,CH—), 2.35 (m, vl, —CH,CH,C(O)O—, pvl,
HC=CCH,CH—, HC=CCH,CH—), 2.03 (m, HC=C—),
1.68 (m, pvl & vl, —CHCH,CH,—), 1.25 ppm (t,
CH,CH,0—). '*C NMR (400 MHz, CDCl,): & 173.6 (pvl,
—C(0)—), 172.5 (vl, —C(0)—), 78.2 (HC=C—), 71.3,
68.4,63.8,36.7,33.6,29.7,28.3, 24.6,21.5,19.0, 16.7 ppm.
[0647] 91.Click Reaction Conditions for Nanoparticle For-
mation Utilizing polyoxyethylene bis(azide).

[0648] Poly(pvl-vl) (10 mg, M, =3000 Da, PDI=1.18) was
added to a vial, which was then sealed and purged with argon.
Polyoxyethylene bis(azide) (58.7 mg, 1.2x107> mmol) dis-
solved in anhydrous dimethylformamide (0.5 mL.) and copper
(1) bromide (23.4 uL, 3.5x107> M solution in DMF) were
added. The reaction mixture stirred for 24 h at room tempera-
ture. Residual azide and copper bromide were removed by
dialyzing with SnakeSkin® Pleated Dialysis Tubing
(MWCO=25,000) against 50/50 dichloromethane/methanol.
Yield: 43.4 mg. DLS: D;;=21.9£1.9 nm. "H NMR (300 MHz,
CDCl,/TMS): d The significant change is the reduction of the
alkyne proton at 2.03 ppm and the appearance of signals at
3.65 and 3.40 ppm corresponding to the protons of the PEG
linker and the signal at 7.49 ppm due to the protons from
triazole formation as a result of cross-linking. All other
aspects of the spectrum are similar to that of poly(vl-pvl).
[0649] 92.Click Reaction Conditions for Nanoparticle For-
mation Utilizing 1,8-diazide-3,5-dioxaoctane.

[0650] Poly(pvl-vl) (40.8 mg, M, =3000 Da, PDI=1.18)
was added to a vial, which was then sealed and purged with
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argon. To the vial, 1,8-diazide-3,5-dioxaoctane (19.5 mg,
9.7x1072 mmol) dissolved in anhydrous dimethylformamide
(0.8 mL) and copper (I) bromide (115.3 uL, 5.9x107> mM
solution in DMF) were added. The reaction mixture stirred
for 24 h at 40° C. Residual azide and copper bromide were
removed by dialyzing with SnakeSkin® Pleated Dialysis
Tubing (MWCO=10,000) against 50/50 CH,Cl,/CH;OH.
Yield: 37.8 mg. DLS: D;,=21.9£1.9 nm 'H NMR (300 MHz,
CDCl,/TMS): 3 The significant change is the reduction of the
alkyne proton at 2.03 ppm and the appearance of signals at
3.65 and 3.40 ppm corresponding to the protons of the PEG
linker and the signal at 7.49 ppm due to the protons from
triazole formation as a result of cross-linking. All other
aspects of the spectrum are similar to that of poly(pvl-vl).
[0651] 93. General Procedure for Formulating Nanopar-
ticles with TPGS-Vitamin E.

[0652] To a 150 mL beaker containing p-c-tocopheryl
polyethylene glycol 1000 succinate (vitamin E TPGS) (0.28
g) dissolved in Lonza cell culture water (55 mL), nanopar-
ticles (0.0977 g) dissolved in dimethyl sulfoxide (DMSO)
(0.50 mL) were added slowly with vigorous stirring. The
solution was split equally into two 50 mL centrifuge tubes.
The nanoparticles were rinsed by applying three cycles of
centrifugation (8000 rpm for 30 min) and reconstituted with
cell culture water. The nanoparticle suspension was then lyo-
philized.

[0653] 94. General Procedure for In Vitro Cytotoxicity of
Formulated Nanoparticles (MTT Assay).

[0654] The cytotoxicity of the formulated nanoparticles
was evaluated using an MTT assay. HeLa cells were cultured
in Eagle’s Minimum Essential Medium supplemented with
10% heat inactivated fetal bovine serum, [.-glutamine, peni-
cillin streptomycin sulfate antibiotic-antimycotic mixture
and gentamicin. Cells were maintained at 37° C. with 5%
CO, in a 95% humidity incubator. The cells were seeded in a
96-well plate in 100 uL., media per well at a density of 10,000
cells/well and incubated for 24 h. The media was then
replaced with 100 uL. of phenol red free medium-containing
nanoparticles at different concentrations in triplicate and
incubated for 24 h. After incubation, the nanoparticle con-
taining media was removed, the cells were rinsed three times
with DPBS, to avoid interference in the assays, and 100 uLL of
fresh phenol red free media was added, followed by 10 ul.
MTT solution (5 mg/mL). The cells were incubated for 4 h,
after which time the medium was carefully removed. To the
resulting purple crystals, 100 uL. DMSO was added to lyse the
cells and was incubated for 10 min at 37° C. The MTT
absorbance was measured at 540 nm using a Synergy HT
Multi-mode microplate reader (B10 Tek Instruments,
Winooski, Vt.). Optical densities measured for wells contain-
ing cells that received no nanoparticle were considered to
represent 100% viability. Results are expressed as the
mean=S.D. of viable cells.

[0655] 95. Encapsulation of Brimonidine in Nanoparticles.
[0656] To a 150 mL beaker containing D-ct-tocopherol
polyethylene glycol 1000 succinate (0.15 g) dissolved in
Lonza cell culture water (30 mL), nanoparticles (60.5 mg)
and brimonidine (6.1 mg) dissolved in dimethyl sulfoxide
(0.50 mL) were added slowly with vigorous stirring. The
solution was split equally into two 50 mL centrifuge tubes.
The brimonidine loaded nanoparticles were purified by
applying three cycles of centrifugation (8000 rpm for 30 min)
and reconstituted with cell culture water. The nanoparticle
suspension was then lyophilized. The concentration of encap-
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sulated brimonidine was determined by NanoDrop™ UV-Vis
atawavelength of 389 nm. Brimonidine standards (0.32-1.92
mg/ml) were measured by UV-Vis and a calibration curve
was rendered. With the calibration curve, the concentration of
encapsulated brimonidine was determined by the absorbency
of the brimonidine in the nanoparticle at 389 nm and the
loading ratio was found to be 6.5%.

[0657] 96. General Procedure for the Formation of Nano-
particles from poly(vl-evl).

[0658] In a 100 mL three-necked round bottom flask
equipped with stir bar, condenser and septa, 2,2'-(ethylene-
dioxy)bisethylamine (34.1 pL, 2.32x10™* mol), 28.7 mL
CH,Cl, and a solution of poly(vl-evl) (0.14 g, M, =3400 Da,
PDI=1.16) in 0.19 mL. CH,Cl, were added. The mixture was
heated at 44° C. for 12 h. Residual diamine was removed by
dialyzing with Snakeskin® Pleated Dialysis Tubing
(MWCO=10,000) against dichloromethane. DLS: D,=272.
3+23.3 nm. "H NMR (300 MHz, CDC1,/TMS) 8: The signifi-
cant change is the disappearance of the epoxide protons at
2.94,2.75 and 2.47 ppm and the appearance of signals at 3.64
and 2.97 ppm corresponding to the protons neighboring the
secondary amine of the PEG linker after cross-linking. All
other aspects of the spectrum are similar to that of poly(vl-
evl), as referenced in the literature.®

[0659] 97. General Procedure for In Vitro Nanoparticle
Degradation Studies.

[0660] poly(vl-evl) nanoparticles (10 mg) were suspended
in 2 mL of Dulbecco’s Phosphate Buffered Saline (pH 7.2) in
2 dram vials equipped with stir bars. The vials were sealed to
avoid evaporation and the samples were maintained at 37° C.
under continuous stirring. At 48 h intervals, samples were
removed and dichloromethane was added (3x4 mL) to extract
remaining nanoparticles and degradation products. The
extraction solutions were concentrated via rotary evaporator
and dried in vacuo. The degradation of the nanoparticles was
monitored by the change in molecular weight, as determined
by static light scattering, with incubation time.

[0661] 98. General Procedure for Nanoparticle Formation
from poly(vl-evl-avl-opd).

[0662] To a solution of 2,2'-(ethylenedioxy)diethylamine
(23.4 pL, 0.16 mmol) in CH,CI, (98.7 mL), a solution of
poly(vl-evl-avl-opd) (0.1840 g, M, =3440 Da) in CH,Cl,
(0.64 mL.) was added. The mixture was heated at 44° C. for 12
h. Residual diamine was removed by dialyzing with Snake-
Skin® Pleated Dialysis Tubing (MWCO=10,000) against
CH,Cl,. Yield: 0.15 g (94%). DLS: D,=52.9+3.3 nm SLS:
M,,=147,000 Da. "H NMR (300 MHz, CDCl,/TMS) §: The
significant change is the disappearance of the epoxide protons
at 2.94, 2.75 and 2.47 ppm and the appearance of signals at
3.54 and 2.97 ppm corresponding to the protons neighboring
the secondary amine of the PEG linker after cross-linking. All
other aspects of the spectrum are similar to that of poly(vl-
evl-avl-opd), as referenced in the literature.’

[0663] 99. Formulation of poly(vl-evl-avl-opd) Nanopar-
ticles with TPGS-Vitamin E.

[0664] To a 150 mL beaker containing D-ct-tocopheryl
polyethylene glycol 1000 succinate (vitamin E TPGS) (0.28
g) dissolved in Lonza cell culture water (55 mL), nanopar-
ticles (0.0977 g) dissolved in dimethyl sulfoxide (DMSO)
(0.50 mL) were added slowly with vigorous stirring. The
solution was split equally into two 50 mL centrifuge tubes.
The nanoparticles were rinsed by applying three cycles of
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centrifugation (8000 rpm for 30 min) and reconstituted with
cell culture water. The nanoparticle suspension was then lyo-
philized.

[0665] 100. In Vitro poly(vl-evl-avl-opd) Nanoparticle
Degradation Studies.

[0666] TPGS formulated poly(vl-evl-avl-vl) nanoparticles
(10 mg) were suspended in 2 ml. of Dulbecco’s Phosphate
Buffered Saline (pH 7.4) in 2 dram vials equipped with stir
bars. The vials were sealed to avoid evaporation and the
samples were maintained at 37° C. under continuous stirring.
At 48 h intervals, samples were removed and dichlo-
romethane was added (3x4 mL) to extract remaining nano-
particles and degradation products. The extraction solutions
were concentrated via rotary evaporator and dried in vacuo.
The degradation of the nanoparticles was monitored by the
change in molecular weight, as determined by static light
scattering, with incubation time.

[0667] 101. In Vitro Cytotoxicity of Formulated poly(vl-
evl-avl-opd) Nanoparticles (MTT Assay).

[0668] The cytotoxicity of TPGS formulated nanoparticles
was evaluated using an MTT assay. HeLa cells were cultured
in Eagle’s Minimum Essential Medium supplemented with
10% heat inactivated fetal bovine serum, [.-glutamine, peni-
cillin streptomycin sulfate antibiotic-antimycotic mixture
and gentamicin. Cells were maintained at 37° C. with 5%
CO, in a 95% humidity incubator. The cells were seeded in a
96-well plate in 100 uL., media per well at a density of 10,000
cells/well and incubated for 24 h. The media was then
replaced with 100 uL. of phenol red free medium-containing
nanoparticles at different concentrations in triplicate and
incubated for 24 h. After incubation, the nanoparticle con-
taining media were removed, the cells were rinsed three times
with DPBS, to avoid interference in the assays, and 100 uLL of
fresh phenol red free media was added, followed by 10 ul.
MTT solution (5 mg/mL). The cells were incubated for 4 h,
after which time the medium was carefully removed. To the
resulting purple crystals, 100 uL. DMSO was added to lyse the
cells and was incubated for 10 min at 37° C. The MTT
absorbance was measured at 540 nm using a Synergy HT
Multi-mode microplate reader (B10 Tek Instruments,
Winooski, Vt.). Optical densities measured for wells contain-
ing cells that received no nanoparticle were considered to
represent 100% viability. Results are expressed as the
mean=S.D. of viable cells.

[0669] 102.In Vitro Release of Paclitaxel from poly(vl-evl-
avl-opd) Nanoparticles.

[0670] To a 150 mL beaker containing D-ct-tocopherol
polyethylene glycol 1000 succinate (0.34 g) dissolved in
Lonza cell culture water (68 mL), poly(vl-evl-avl-opd) nano-
particles (56.5 mg) and paclitaxel (8.5 mg) dissolved in dim-
ethyl sulfoxide (0.50 mL) were added slowly with vigorous
stirring. The solution was split equally into two 50 mL cen-
trifuge tubes. The paclitaxel loaded nanoparticles were puri-
fied by applying three cycles of centrifugation (8000 rpm for
30 min) and reconstituted with cell culture water. The nano-
particle suspension was then lyophilized. The concentration
of encapsulated paclitaxel was determined by NanoDrop™
UV-Vis at a wavelength of 254 nm. Paclitaxel standards
(0.398-2.39 mg/ml.) were measured by UV-Vis and a cali-
bration curve was rendered. With the calibration curve, the
concentration of encapsulated paclitaxel was determined by
the absorbency of the paclitaxel in the nanoparticle at 254 nm
and the loading ratio was found to be 11.3%. The release of
paclitaxel from the nanoparticles was measured in PBS (pH
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7.4) at 37° C. The paclitaxel-loaded nanoparticles (20 mg)
were suspended in PBS (20 mL). At particular time intervals,
the nanoparticle dispersion was centrifuged, the supernatant
was removed and the released paclitaxel was extracted from
the supernatant with CH,Cl,. The concentration of released
paclitaxel was determined by NanoDrop™ UV-Vis at a wave-
length of 254 nm as mentioned above.

[0671] 103. General Procedures for the Synthesis of
HVGGSSV Peptide.

[0672] The peptide was synthesized by solid-phase peptide
synthesis using standard Fmoc chemistry on a Model 90
Peptide Synthesizer (Advanced ChemTech).

[0673] General Procedure: Attachment of N-Fmoc Amino
Acids to Resin.
[0674] After swelling with dichloromethane (20 mL) for 20

min, H-Val-2-Cl-Trt resin (0.20 g, 1.03 mmol/g, 0.21 mmol
surface amino acids) was treated with a solution of Fmoc-
protected amino acids (4 equiv, 0.9 mmol) in dimethylforma-
mide (DMF) (6 mL). The amino acids were attached to the
resin using double coupling with a solution (9 mL) consisting
of N-hydroxybenzotriazole monohydrate (HOBt) (0.9 mmol,
137.8 mg) o-(benzotriazole-N,N,N',N'-tetramethyluronium
hexafluorophosphate (0.9 mmol, 0.34 g), N,N'-diisopropyl-
ethylamine (DIPEA) (1.8 mmol, 0.31 mL) in 9mL DMF. The
reaction mixture was shaken for 60 min and washed with
DMF (4x10mlL), methanol (4x10 mL) and DMF (4x10 mL).
A 20% (v/v) piperidine in DMF solution was used to depro-
tect the Fmoc groups. The amino acids were attached to the
resin in the following sequence: Ser, Ser, Gly, Gly, Val, His,
Asn, Gly, Gly, Gly, Cys, and Gly.

[0675] General Procedure: Cleavage from Resin.

[0676] The resin was treated with Reagent R, a solution of
TFA, thioanisole, anisole, and ethanedithiol (90:5:3:2, 6 mL),
for 4 h. After removal of the resin by filtration, the filtrate was
concentrated to precipitate the peptide with cold diethyl ether.
Crude peptides were purified by RP-HPLC and lyophilized.
Peptide identity was confirmed by MALDI-MS (m/z: 1086.
45).

[0677] 104. Attachment of HVGGSSV Peptide to Nanopar-
ticles.
[0678] To asolution ofnanoparticles (105.6 mg, 0.78 pmol)

in DMSO (1 mL), HVGGSSV peptide (56 mg, 53.6 umol) in
DMSO (2 mlL.) was added. The reaction mixture was heated
for 72 hat 34° C. Residual peptide was removed by dialyzing
with SnakeSkin® Pleated Dialysis Tubing (MWCO=10,000)
against 50/50 THF/CH,;CN. Yield: 77 mg. DLS: D,=55.
3+3.6 nm; original particle D,=52.9£3.3 nm. SLS: M, =185,
000 Da; original particle M, =147,000 Da. 'H NMR (600
MHz, DMSO-d,) d: The significant change is the reduction of
the allyl protons at 5.69 and 5.00 ppm and the appearance of
signals at 0.80, 1.39, 1.65, 2.74, 3.07, 3.75, 4.40 and 7.11-8.
32 ppm due to the peptide. All other aspects of the spectrum
are similar to that of the poly(vl-evl-avl-opd) nanoparticles.

[0679] 105. Encapsulation of Paclitaxel in HVGGSSV
Conjugated poly(vl-evl-avl-opd) Nanoparticles.

[0680] To a 150 mL beaker containing D-ct-tocopherol
polyethylene glycol 1000 succinate (0.30 g) dissolved in
Lonza cell culture water (60 mL), HVGGSSV-nanoparticles
(0.0681 g) and paclitaxel (10.2 mg) dissolved in dimethyl
sulfoxide (0.50 mL) were added slowly with vigorous stir-
ring. The solution was split into two 50 mL centrifuge tubes.
The paclitaxel loaded nanoparticles were purified by apply-
ing two cycles of centrifugation (8000 rpm for 30 min) and
reconstituted with cell culture water. The nanoparticle sus-
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pension was then lyophilized. The loading ratio of paclitaxel
for the encapsulation was determined by NanoDrop™ UV-
Vis at 254 nm as mentioned above and was found to be 11%.
[0681] 106. Lowering Intraocular Pressure (IOP) with Bri-
monidine Nanoparticle Injection

[0682] Two groups of mice (N=3 each) were compared to
determine the effect of a single intravitreal injection of bri-
monidine-laced nanoparticle relative to a single topical drop
(eyedrop) of clinical-grade brimonidine. For each mouse,
intraocular pressure (TOP) was acutely elevated by an injec-
tion (1 pl) of polystyrene microbeads into the anterior cham-
ber of the eye. This induces a 35-40% elevation in IOP that
persists for 3-4 weeks. One group had a single topical appli-
cation (1 pul) of brimonidine; the other a single intravitreal
injection (1 pl) of the nanoparticle-brimonidine complex. IOP
was tracked using TonoPen XI. measurements until any low-
ering effect was dissipated.

[0683] For the topical application group, microbead injec-
tion induced a 35% elevation in IOP from a normal reading of
14 mmHG to 19-20 mmHG, one day after injection (FIG. 1).
This elevation persisted until day 4, when topical brimonidine
was applied; the application lowered IOP to normal levels one
day later. Six days following topical administration of bri-
monidine, IOP returned to elevated levels.

[0684] For the nanoparticle group, microbead injection
again induced a 40% elevation in TOP one day after injection,
from a normal baseline of 15 mmHG to 21 mmHG (FIG. 2).
[0685] This elevation persisted until day 4, when a single
intravitreal injection (1 pl) of the nanoparticle-brimonidine
complex was applied. The nanoparticle complex actually
lowered IOP below normal levels to 11.5 mmHG one day
later; this depression was significant (p<0.01). IOP remained
below or at baseline for 6 days. For this period, IOP was
indistinguishable from pre-microbead/baseline levels (p=0.
43). This is dramatically different than topical application,
which returned to elevated IOP during the same period. For
the nanoparticle group, IOP returned to elevated levels by day
18. Control groups for both experiments demonstrated con-
tinuously elevated IOP due to microbead injection for the
duration.

[0686] 107. Measuring Retinal Diffusion after Nanopar-
ticle Injection
[0687] For glaucoma, there is no FDA approved neuropro-

tective therapy for preventing or treating retinal and optic
nerve degeneration. All available drugs have as their action
IOP lowering. Thus, a secondary use of the nanoparticle
delivery system would be to expose the retina and optic nerve
to a slow-release of directly neuroprotective compounds,
such as memantine or brimonidine, which is known to have
secondary neuronal actions independent of TOP lowering.
For macular degeneration, the best available practice is a
monthly or biweekly intravitreal injection of antiangiogenic
compounds, such as LUCENTIS® (ramibizumab) or AVAS-
TIN® (bevaizumab). Again the nanoparticle delivery system
could ameliorate the need for such frequent injections.

[0688] To determine how much of the retina could be
stained over time with a common neuronal dye (DiO) inter-
laced into the nanoparticle after a single intravitreal injection,
the area of the retina covered by DiO released from the
nanoparticle complex was measured as a function of time
after the injection (N=2-3 mice for each time). Deposition of
DiO was defined very conservatively, as that portion of the
retina contained DiO signal intensity of 100% contrast com-
pared to background. The area of the retina represented by
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DiO label was compared to the total surface area of the retina.
Retinas were examined at 3 days, 1 week, 2 weeks, and 4
weeks post-nanoparticle injection.

[0689] Over a 4 week period, DiO deposition appeared to
increase on the retinal surface by about 15% compared to the
initial measurement at 3 days; this was not significant (p=0.
50) (FIG. 53). In between, deposition was statistically con-
stant compared to the initial measurement as well. This indi-
cates that retinal uptake of the DiO is fairly consistent and
matched to its slow release from the nanoparticle complex.
Thus, retinal exposure to a released drug would be constant in
between nanoparticle injections. Additionally, the ability of
nanoparticles to pas through the inner limiting membrane and
deliver DiO to ganglion cells was measured at 3 days, 1 week,
and 2 weeks following injection. Micrographs show that
deposition was observed in ganglion cells and maintained
over the observatory period (FIG. 54).

[0690] 108. Preparation of Nanoparticles from Linear
Polymer Precursor

[0691] a. Formation of 50 nm Nanoparticles

[0692] To a100-mL round bottom flask equipped with a stir
bar, poly(vl-evl) (0.1001 g, M, =2350 Da, 7% cross-linking)
and 20.2 mIL CH,Cl, were added, followed by 2,2'-(ethylene-
dioxy)diethylamine (9.6 uL, 6.55x107> mol). The mixture
was heated at reflux at 44° C. for 12 h and promptly trans-
ferred to SnakeSkin® Pleated Dialysis Tubing (MWCO=10,
000) and dialyzed against dichloromethane to remove
residual diamine. "H NMR (400 MHz), CDCl,/TMS, ppm) &:
The significant change, proving conversion from the linear
polymer to the nanoparticle, is the disappearance of epoxide
protons at 2.96, 2.75, and 2.47 ppm and the appearance of
signals at 3.5 ppm and 2.9 ppm due to the protons near the
secondary amine of the PEG linker.

[0693] b. Formation of 400 nm Nanoparticles

[0694] To a200-mL round bottom flask equipped with a stir
bar, poly(vl-evl) (0.1210g, M, =2325 Da, 13% cross-linking)
and 45.1 mIL CH,Cl, were added, followed by 2,2'-(ethylene-
dioxy)diethylamine (75.1 pL, 5.13x10™* mol). The mixture
was heated at reflux at 44° C. for 12 h and promptly trans-
ferred to SnakeSkin® Pleated Dialysis Tubing (MWCO=10,
000) and dialyzed against dichloromethane to remove
residual diamine. "H NMR (400 MHz), CDCl,/TMS, ppm) d:
The significant change is the disappearance of epoxide pro-
tons at 2.93,2.76, and 2.47 ppm and the appearance of signals
at 3.5 and 2.9 ppm, correlating to the protons of the PEG
linker.

[0695] c. Formation of 700 nm Nanoparticles

[0696] To a200-mL round bottom flask equipped with a stir
bar, poly(vl-evl-avl) (0.1057 g, M, =7200 Da, 15% cross-
linking) and 46.4 mIL CH,Cl, were added, followed by 2,2'-
(ethylenedioxy)diethylamine (82.5 uL, 5.64x10* mol). The
mixture was heated at reflux at 44° C. for 12 h and promptly
transferred to SnakeSkin® Pleated Dialysis Tubing
(MWCO=10,000) and dialyzed against dichloromethane to
remove residual diamine. 'H NMR (400 MHz), CDCI1,/TMS,
ppm) &: The significant change is the disappearance of
epoxide protons at 2.94, 2.75, and 2.48 ppm and the appear-
ance of signals at 3.5 and 2.9 ppm, correlating to the protons
of the PEG linker.

[0697] d. Formation of 700 nm Nanoparticles

[0698] To a200-mL round bottom flask equipped with a stir
bar, poly(vl-evl-avl) (0.1001 g, M, =7200 Da, 15% cross-
linking) and 43.9 mI, CH,Cl, were added, followed by 2,2'-
(ethylenedioxy)diethylamine (39.1 pL, 2.67x10* mol) and

Jun. 6, 2013

124

1,8-diaminooctane (38.5 mg, 2.67x10* mol). The mixture
was heated at reflux at 44° C. for 12 h and transferred to
SnakeSkin® Pleated Dialysis Tubing (MWCO0=10,000) and
dialyzed against dichloromethane to remove residual
diamines. "H NMR (400 MHz), CDCL,/TMS, ppm) 6: The
significant change, confirming incorporation of 1,8-diami-
nooctane, is the appearance of a signal at 1.32 ppm corre-
sponding to the protons between the secondary amines of the
cross-linker The spectrum shows otherwise similar shifts as
the particles of 50 and 400 nm.

[0699] 109. General Procedure for Encapsulation of NP

[0700] The 700 nm nanoparticle with 15% cross-linking
(100% PEG linker) (16.7 mg) and bimatoprost (7-[3,5-dihy-
droxy-2-(3-hydroxy-5-phenyl-pent-1-enyl)-cyclopentyl]-N-

ethyl-hept-5-enamide; a prostaglandin analog/prodrug used
topically to control the progression of glaucoma and in the
management of ocular hypertension; 5.0 mg) were accurately
weighed together into a vial. The two solids were dissolved in
a minimal amount of DMSO (150 pL.) and added dropwise to
avigorously stirring solution of water (8.3 mL) and vitamin E
(0.125 g). The solution turned cloudy and was immediately
centrifuged at 8500 rpm for 20 min. The supernatant was
carefully removed, fresh water was added and the pellet dis-
turbed to ensure thorough washing of the drug-loaded par-
ticles. The centrifugation wash was repeated for a total of
three washes. Finally, the particles were frozen and lyo-
philized to yield the drug-loaded particles as a light and fluffy
white solid with 29.4% bimatoprost encapsulated.

[0701] The 700 nm nanoparticle with the 50:50 mixture of
amorphous and crystalline cross-linkers encapsulated 25.4%
bimatoprost. The 400 nm nanoparticle encapsulated 22.4%
bimatoprost, and the 50 nm nanoparticle encapsulated 1.3%
travatan (i.e., Travoprost, propan-2-yl 7-[3,5-dihydroxy-2-
[3-hydroxy-4-[3-(trifluoromethyl)phenoxy|-but-1-enyl]-cy-
clopentyl]hept-5-enoate; topical medication used for control-
ling the progression of glaucoma or ocular hypertension, by
reducing intraocular pressure), and the other 50 nm nanopar-
ticle encapsulated 3.3% brimonidine (5-Bromo-N-(4,5-dihy-
dro-1H-imidazol-2-yl)quinoxalin-6-amine; used to treat
open-angle glaucoma or ocular hypertension).

[0702]

[0703] About 0.4 mg of drug-loaded nanoparticles were
weighed and dissolved in 50 ul. DMSO. 2 ulL of sample
solution was pipetted onto the pedestal of a UV-VIS spec-
trometer (NanoDrop) and the absorbance measured at 262
nm. A calibration curve between concentration of drug and
absorbance was made using a spread of samples with known
concentrations of drug. Using the calibration curve, the
amount of drug within the nanoparticle could be quantified
and reported as a weight percent.

110. Nanodrop to Determine % Drug Loading

[0704] 111. General Procedure for Mouse Study Prepara-
tion
[0705] Thenanoparticle (1.20 mg, 700 nm amorphous) was

accurately weighed into an eppendorff tube and dispersed in
PBS (75 uL) for an over-all concentration of 16 mg/ml., or3.6
mg/mL bimatoprost.

[0706] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the scope or spirit of
the invention. Other embodiments of the invention will be
apparent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein. It
is intended that the specification and examples be considered
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as exemplary only, with a true scope and spirit of the invention
being indicated by the following claims.

What is claimed is:

1. A method of treating a ophthalmic disorder comprising
administering to a subject an effective amount of a degradable
polyester nanoparticle pharmaceutical or biologically active
agent complex (nanoparticle complex).

2. The method of claim 1, wherein treating comprises
inhibiting VEGF activity.

3. The method of claim 1, wherein treating comprises
inhibiting carboninc anhydrase activity.

4. The method of claim 1, wherein the nanoparticle com-
plex targets a cell in an ocular tissue.

5. The method of claim 4, wherein the tissue is selected
from neuronal, fibrous, blood, gangloid, dermal, muscular,
amacrine, bipolar, horizontal, connective, epithelial, and vit-
real fluid.

6. The method of claim 5, wherein the tissue is from a
region of the eye selected from sclera, cornea, retina, vitrius
fluid, rods, cones, iris, zonular fibers, aqueous humour, chor-
o0id, ciliary muscle, optic disc, dura mater, optic nerve, fovea,
and macula.

7. The method of claim 4, wherein the cell is a neuronal,
epidermal, muscular, or gangloid cell.

8. The method of claim 1, wherein the ophthalmic disorder
is selected from glaucoma, macular degeneration, keratoco-
nus, Stargardt’s disease, scleritis, keratitis, corneal ulcer, and
Thygeson’s superficial punctate keratopathy.

9. The method of claim 1, wherein the nanoparticle com-
plex comprises one or more pharmaceutical or biologically
active agents encapsulated by a degradable polyester nano-
particle.

10. The method of claim 9, wherein the pharmaceutical
agent is a alpha agonist, beta blocker, prostaglandin analog,
carbonic anhydrase inhibitor, or cholinergic.

11. The method of claim 10, wherein the pharmaceutical
agent is selected from triamcinolone, ranibizumab, bevaci-
zumab, pegaptanib (MACUGEN®), travoprost, bimatoprost,
methazolamide, brinzolamide, dorzolamide HCI, scetazola-
mide, memantine, timolol maleate, betaxolol HCI,
levobunolol HCI, metipranolol, timolol hemihydrate, pilo-
carpine HCI, carbachol, brimonidine tartrate, apraclonidine
HCl, and latanoprost (XALATAN®).

12. The method of claim 9, wherein the nanoparticle com-
plex comprises two or more pharmaceutical agents.

13. The method of claim 12, wherein the two pharmaceu-
tical agents are dorzolomide HCl and timolol maleate or
brimonidine tartrate and timolol maleate.

14. The method of claim 1, wherein the nanoparticle com-
plex is administered to the subject via a route selected from
ophthalmic, irrigation, topical, drops, epicutaneous, intravit-
real, intraocular, conjunctival, subconjuctival, intracorneal,
retrobulbar, intravenous, and intramuscular.

15. A composition comprising a degradable polyester
nanoparticle and, encapsulated therein, a biologically active
agent, a pharmaceutically active agent, or an imaging agent.

16. The composition of claim 15, wherein the biologically
active agent is encapsulated within the nanoparticle.

17. The composition of claim 15, wherein the pharmaceu-
tically active agent is encapsulated within the nanoparticle.

18. The composition of claim 15, wherein the imaging
agent is encapsulated within the nanoparticle.

19. The composition of claim 15, wherein the degradable
polyester nanoparticle comprises a crosslinked degradable
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nanoparticle having a polyester backbone and one or more
crosslinks having a structure selected from:

(@)

Y HO

NV\I].IV\I\I‘ QOH or ILL{Y,

whereinY is O, S, or N—R, wherein R is C1-C4 alkyl;

®)

/

=

Z

and

©

wherein L is a divalent alkyl chain or alkyloxyalkyl chain.

20. The composition of claim 15, wherein the nanoparticle
is produced by crosslinking a polymer comprising:

(a) at least one monomer residue having an optionally
substituted structure represented by a formula:
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wherein m is an integer from O to 6, and
wherein n is an integer from 0 to 2; or

(b) at least one propargyl-functionalized monomer residue
having an optionally substituted structure represented
by a formula:

wherein m' is an integer from 0 to 6, and

wherein n' is an integer from 0 to 2; or
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(c) at least one monomer residue having an optionally
substituted structure represented by a formula:

)W\ ¥
* 712 O/

wherein n” is an integer from 0 to 2; or

(d) at least one keto-functionalized monomer residue hav-
ing an optionally substituted structure represented by a
formula:

wherein n® is an integer from 0 to 2.

#* #* #* #* #*



