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Lipid contamning formulations

TECHNICAL FIELD
This invention relates {o compositions and methods useful in administering
mucleic acid based therapies, for example association complexes such as Hposomes and

fipoplexes,

BACKGROUND
The opportunity {0 use nucleic acid based therapics holds significant promise,
providing solations to medical problems that vould not be addressed with current,

traditional medicines. The location and sequences of an increasing number of discase-
related genes are being identified, and clinical tosting of nucleie acid-based therspeutic

for

for a variety of discases is now underway.

N

is mechanically, using diveg

el

One method of ntroducing nucleie acids into a cell
sicroinjection. However this method is not generally effective for systemic
administration o a subject.

Systemic delivery of a nucleie scid therapeutic requires distributing nuclete ach
to target eulls and then transferving the sucleic acid across & target cell membrane intas
and in a form that can function in a therapeutic manner.

Viral vectors have, in some instances, been used clinfcally successiully to
scminister nucleic acid based therapies. However, while viral vectors have the inherer
ability to franspost nucleic acids across cell membranes, they can pose riske. One such
visk invelves the random intogration of virgl genetic sequences into patient
chromosomes, potentially damaging the genome and possibly indacing 2 malignant
sransformation. Another risk is that the viral vector may revert to s pathogenie genolyp
either through nutation or genetic exchange with a wild type virus.

Lipdd-based vectors have also been used in nusleie acid therapies and have bew
formuiated in one of two ways, In one method, the nuclete acid i3 introduced inio

preformed Hposomes or lipeplexes made of mixtores of cationic lipids and neutral

:u)

Hpids. The complexes thus formed have uadefined and vomplicated structures and the
sransfection efficiency is severely reduced by the presence of serum. The sscond metix

involves the formation of DNA complexes with monoe- or poly-cationic Hpids without

s

he nresence of & nentral lipid. These complexes are prepared in the prosence of ethang
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and are nes stable in water. Additionally, these comploxes are adversely affected by

serum {see, Behr, Ace. Chem. Res. 26:274-78 (1993)).

SUMMARY
The invention foatures novel preparations that fnclude g polyamine compound or

Hpid modety desenbed herein.
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In some embodiments, the tavention features a preparation comprising one o1
more compeunds, each individually having a strocture defined by frmula (T ova

charmaceutically acceptable salt thereof,

x
RoN z“( wa«
4G Lo 1
formula {1}
W ?3"‘“\33
each X and X0, for each oceurrence, is independently Crs alkylone;
mis 12,3, 4 or 5 each R is independently H
S G e S AR
Q,s Ry R Ry Re
wherein ot Ieast n 4 2 of the R moicties in at least about 3095 of the moleculas of
the compound of formula () in the preparation {2.g., at least about 55%, st least about
0 S0%, at least about 65%, at least about 70%, at least aboat 75%, at jeast shout 8%, &t
least shout 8596, at Teast about 0%, at least about 95%, at least about 98%%, af Jeast
ahout #9%, or substantially all) are not H;
mis, L 3o Vis O NR, ox §;
FEARTY alley! alkenyl or alkynyl; each of which is optionally subs situted
75 with one or more substitnents; and

R is H, alky! atkenyt or alkynyl; each of which is optionally substituted

cach of which is optionally substituted with one or more substitusnts:

orovided that, if n= 0, then at loast 11 + 3 of the R moisties are nol H,

i
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in seine embodiments, when R is not H, R is R, for example, when R isant H,
s Ry for sach ocoutrence,

in some embodiments, when R is not 8, R is Ry, for example, when Risnot H,
7 i Ry, for each oocurrenes,

In some embodiments, when R is not H, R is R, for example, when R s not B,
R is R, for cach ocawrence.

fn some ermbodiments, when R is not H, R iz Ry, for example, when Risnot M,
R is Ry, for sach cocurrence.

In some embodiments, when R is not B, R is R, for cxample, when Risaot H,

i

1 is R, for each ocourrence,

In sorne embodiments, n + 2 of the R moleties of formula {8} are not L In some
orthadiments, nob 3 of the R meietics of formula (1) are not H. Insome smbodiments, o
+ 4 of the ¥ meoieties of formula (I} are not H.

in some cmbodiments, 1+ 1 of the R moisties of formuda {1} are not B

1 same embodiments, 1> O, and at least one R of NR of formmla (i} s K

in some embodiments, at least one R of NR; of forsula (I} is H.

In some embodinents, at least 80% of the molecules are a single structural
isomer. For example, -+ 2 of the R moieties of formmula (I} are not H, orn + 3 ofthe K
moieties of formada (1) ave not H, or n + 4 of the R moteties of formula (I} are not H,
in some embodiments, nis 2or b
In some embodiments, X° and X° are s alkylene.

I some embodiments, 1 is O and X is ethylene or propylene,

-

inn

some embodinents, n>1 and X7 varles with at least one occnrrencs.
In some embodiments, when R not H, Ris
e

NI &
¥

\Kfi,‘:

~

\{\"

—r

iy

]

. For example, Ycan be Qor NE®. in some embodiments, m s 2,
In some cmbodiments, Y8 O or NR® and m is 2. Insome ombodiments, mis L In
some embodioments, mis Tand YisQox NRY
In some embodiments, RY for at least one occurrence is alkyl, for example, R for
each oeourrenee is alkyl.
{6 some entbodiments, R {s alkyl and R* s 1, for st least one oUourence, ¢.8,

for each gooutTence.

bl
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In some embodiments, R and R are alloyl for at least one cocwrence, e, for

each ooourTence.

P

T some embodiments, R’ for at least one scenrrence is alkenyl,

{n some embodiments, R' for at least one oocurrence is alkenyt,

In some embodiments, when R i3 not H, R i3 R, for af least one veourrencs, 8.8
for each oogurrence, and ¥V is O or NH. In some embodiments, ¥ 15 0. In some
embodiments, Y s NH. In some embodinents, Rlis atkyl, eg., Croapalkyl ov Oy

alkyl. In some embodiments, 1 is 2. In some embodiments, X5, for each seourrence is
{1 alkoylene and s Oy % afkoylene. T some embodiments, mis 2.

In some embodiments, 018 2 and R, when R s not M, 15 R, for af least one
aeonrrenve, &.8., Tor each occurrence. In some embodiments, R ia alkyd, g, Craas
alkyl or Crp albyvl, In some embodiments, Yis QO or'Y s NHL In some embodiments,

1. ol s S T S o
X® for sach secwrence is Oy alkylene and XU is C; wkylene. In some embodiments, m

2.

n

1
B

¥ 3 T ‘ ¢ r o o~

in some embodiments, at least T R of NR is H and R, when not H 18 R, for st

<3

pessl

past one aecurrenee, ¢.8. for cach ocewrrence, and Y is O or NH. In some embodiments,

Yis Oor ¥ is NE. In some embodiments, RY is aikﬁ &8 Croag sl or Cip alkyl. In

< -

seme sxabodiments, nis 2. In some embodiments, X5, for cach vecurrence is O

N

alkviene and X7 is C; alkviene. In some embodiments, m is 2.
in some embodiments, nis 2 and at least 1 R of NR {s ¥ and whes R s not H, R

is R, for at lvast one oceurrence, ©.¢. for each occurrence, and Y is O or NH. In some

Fasy

exnbodiments, R s alkyl, e.g., Cipoe alloyd or Oy alkyl In some embodiments, Y 8 O

Pt 5

ar Y is NH. In some embodiments, X7, for each ocourrence s O alkylens and X is Ca

alkyviene. In some embodiments, m is 2.

In some embodiments, at least 1 R of NRp is Hand R is R, for at least one

secrrence, £.g. for each occurrence, and whereln Y is O or NH. In some embodiments,
T e A A% 3 1 1 3 J £ Yot o
¥ s O or Y is NH. In some embodiments, R is alkyl, e, Crozg abioyd, Cyaas alkyt on

T

G allod, In some embodiments, nis 2. In some embodiments, X, for cach oocwerene
is Oy alkelens and X7 is Gy alkylene. In some embodiments, m s 2.

In some embodiments, nis 2 and gt least I R of NR; s H and R is R, for at least
ane oeourrenee, o.g. for cach ocveurrence, and wherein Y 18 O or XH. fn some

smbodiments, R is alkel, .8, Croas alkyl or G allod. oosome embodiments, Y is
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or Y is N 1o some smbodiments, XU, for each occurrence is G alkylene and ¥ i
atkoviens. In some embodiments, mis 2.

&

I somne embodiments, the preparation comprises one or & mixture of the fonmula

below, whersin R 13 not H unless specified in the formula below.

§ b R
Rx N i\g NI PR N i?j - and R\a N E?r’ T ™ 5 ?; #1
R ] R R

in some smbodiments, the preparation consists essentiatly of one or & mixture of
the formula below

R
i

£ g‘;{ }'%
p‘.N o \g?} \VF-N\J’“\.?S;R an(i Rf‘g\;'\”f"\g‘?{/\\'ﬁl?@ \J.-' \g\‘z R
R 8 R R In
some ombodiments, sach Ris
9 0
ey ,,-*i\ R! ,3\ o3
PN 2N ey 3
Rz | In some embodiments, each R is . In some

erabodiments, R s CupCas sl (o8, Cra alkyD), or CroCop alkenyl,

In some embodiments, R is

o
.i‘“:\f\w"ﬁ“- N R!
R2 | Insome erbodiments, R* {8 Crp-Cis alkv], eg, G alio, In

some embodiments, RY is Cya alkyl and R is H.

In some embodiments, nis 0 and X is propyiene. Insome embodunents, I Ris
H. In some embodimnents, when R is not B, R is R, for at least one opcwrence, e.g. for
each ocourrence. 1n some embodiments, R is alkyl, & & Cypoe allyvl or O alkyl, In
some smbodiments, Y s Qor Y s NH. In some embodiments, m 8 2.

In some embodiments, formula (1) is

; ?l a
R~ N _ i ] {
S?é N ;3& ,-’ A \.\,f &Y N, R or !‘_6\’ ;"‘\\,\f.a* ,Ei e {‘%i
R ¥ A 29 SR R"v‘ TE {3 iw
< . In some embodiments, R 5 & . in

Y r

some embodiments, R g CioCig alkyl, or Cip-Cyp alkenyl. In some embodiments, K 18
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ey \\x"g\,: 2%
R | 1n some embodiments, R 18C0-Cis alkyd, or Cio-Ca alkeny! and R &
H.
Ly some ombodiments,

I8 2
X3, for each oceurrence i Cp alkylene and X% is O, alkylene; and
wherein
sach RisHor
O

1 g
RE

o

R, for at least one ocourrence, e.g. for each oocurrence,
mis 2,
YisNHor(y

%

R’ is Cp alkyl Insome embodiments, at least 80% of the molecules of the

Y

componnd of formula () are a single structural isomer, In some embodiments, Y is NH,

o.¢., wheretn at least 0% of the molecules of the compound of Sormuda () ave a single

structural isomer, In some embediments, R is R, for § pecurrences. fn some

s.-.

srabodiments, in al least 80%% of the molecules of the compound of formula (8, R g R,

for S ocowrtences. In some embodiments, Y is NH.

¥

In soane erabodiments, the compound of formula (T} is an Inorganic or organic

&

3

sslt theveof, 2., & Wvdrohalide salt thereof, such as a hydrochloride salt thereof, In

some embodiments, the hydrochloride salt ranges from a single equivalent of HCL, to
+7 puivalents of HCL In some embodiments, the compound of formula (I} is salt of

an organic acid, €.g., an acetate, for example, the acetate salt ranges from a single

tey

-

equivalent of acetaie, to 2 equivalents of acetate or a formate, for example, the

formats salt ranges from g single squivalent of acetate, to n+ eqnivalents of Tormate.
In some embodiments, the compound of formuda (3} is in the form of & hydeale.
iy somne embodiments, R, for at least one scourrence, ©.g., for each socurrence,

o

coraprises an atkenyl moiety, for example, R comiprises a ois double bond.

In ong gspect, the invention features a preparation including g compoand of

formula (1) and a nocleic acid (e.g., an RNA such as an siRNA or dsRNA or a DNAY In
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i
LS

B0
Hpid, or a FEG-lipud.

In some smbodiments, the preparation comprises less than 115

¢ ernbodiment, the preparation also includes an additional lipid such a3 a fusogenic

/l}_e,

Ha?\fwi\itg Kh‘s\e‘ﬁa
5 fornuia (11},
wherein X and nare defined as in formula (I} above.
In some embodiments, the preparation comprises foss than 0% by weight of
'
*\\\_y)J\Y, Rt
19 formula {IV)
wherein ¥ and R are defined s in formala (1) above.
In some embodiments, the preparation comprises a plarality of compounds of
formula QL
tu seme embodiments, the preparstion comprises & mixture of compounds of the
15 formuias below:
- ~ ]
™y \gg N “ﬁ" R 2 N\_ff‘\\ N N N ~ f[\?er
Re and R R )
formunla {7} formula (17}
wherein in formula (17, five of the R moieties ave R, Tu some smbadimantsﬁ
formula {17 and (17} ave present in a ratio of from about 12 ® sbout 211
20 it one aspect, the invention features a method of making a compound of formula
{4,
BQN‘XB\N X%NRE
LR
n
formula (H)
wheretn
25 each X snd X°, for cach occurrence, is independently Cig atkyleng;

nis{, 1,2,3,4, or 5 and

w3
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wherein
gach R 18 independently H or
&

4.

& Jf‘/\y R

iy
s 2
Yis O, NRY or §;
2 is alleyt or alkenyl;
R? is H or C alky! or alkenyl;

the method comprising reacting a compound of formula {1}

DaEoixe
MM N N,
A { H: A

Yy

formula {111}

with a compound of formula (IV),

O
Sl oK

in the presence of & promoter.

In one aspect, the invention features 2 method of making a compound of formuis

{1,
£
}\ ! xb
AR AL
RN N NR,
R
S

formula (IO

wherein
ach X* and X°, for each occurrence, is independently Cys alkylene;
nis$, 1,2, 3,4, or 5 and
wherein

cach R is independently H or
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mis2;

YO NR, o §

R} s alkoy! or alkenyl:

R is H or C alkyl or alkenyl;

the method comprising reacting a compound of formula (1)

X K
HyN g NH;,

“n
formula (11
with a compound of formula (IV),
O
™ At

e - ‘»{'

formula (1Y)

in the presence of a guencher.

or.

T one aspeut, the invention features s method of making a compound of formula

i

4,
)

o

“NR,

““.“_4&:;;‘«“
P
A

et e,

r
s

formula (15

wherein
each X% and XP, for each cccurrence, is independently Crg atkyvlens;
nis, 1, 2,3, 4, or 5; and
wherein
sach R s independently Hor

8
AR

~g
SHY

L
3
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Ry
mis2;
YisQ, NR or§;

R s all kvl or atkenyl;

r.w

1

R s Haor alkyl or alkenvl;

the method comprising reacting a compound of formula (11

N

formula {HI)

with a compound of formula (IV),

Py
ove]

formula (IV)
wherein the reaction mixture comprises from about 0.8 about 1.2 molar
squivalents of a compound of formula (X)), with fom about 3.8 o about 6.5 molar
15 sgquivalents of a compound of formala {(IV)
T some embodiments, the reaction mixture comprises from about 8.8 about 1.3
molar eguivalents of 2 compownd of formula (HI, with from about 5.5 1o gboat 6.3
molar eguivalents of & compound of formuls V). In some embodiments, the reaction
mixture comprises about 1 molar equivalents of a corpound of forsauda (1), with fom
20 about 6 molar equivalents of & compound of formula IV} In some embodiments, the
rogction mixiure comprises about 1 molwr equivalents of a compound of formaula (11},
with frem gbout 3 molar equivalents of a compound of formuda 1V},
I one aspect, the invention features a method of making a compound of formuda
(i,

f
2 LS
RoM1 ?ﬁ NR,
t T

L n

formula (1)

10
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formula 1D

from about 8
about 3.4 1w about 4

step process inv

foramala (VY

11
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sach X and X, for sach occurrence, is independently Crs alkylene;

f/‘

10, 1,2, 3,4, 0or 5 and
wherein

each R 18 independentiy Hoor

wis 2

g ey 2 -

Yo O NRS, o S
VIS ; s 1.
R is alkyl or alkenyl;

R* is H or alleyl or alkenyly

o

3
{

B 1wl
I ixs
HaNT T N,

i 1
i i
= 1y

formula {11}
with a compound of formula {1V},
D

\xf\ &'

Y
formula {1V}

i the presence of borie acid and water

I

he method comprising a two step process of reacting & compound of

wherein, the first step process involving the resction mixiure Comprises

about 1,

4.2

madar equivalen

piving addition of about 0.8 fo 1.2 molar equivalent ¢

X

2 molar squivalents of & compound of fomuda (110, with from

ents of a compound of formula {1V} and the second

o

of compound of

o

in one aspect, the invention features a method of making a compound of formuda

(1,
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formula (i1}

PN .\'b >~ » : M W b > E %
each X" and X7, for sach scourrencs, is independently Chg alkoytone;
nis$, 1,2, 3, 4, 0r 5 and
wherein

cach R is independently H or

- v

Y, I\R“ orX;
&' is alld or alkenyl;
&% is H or atkyl or alkenyl;
the method comprising reacting a compound of formula (11
HoN X%N x NH,
{ H
1
formuls (10

with a compound of formula (IV),
o

i "
{\’\\Q,,J'\Yﬁ“e.’

tormula {(IV}

and separating at least one structural isomer of {ormula (1} from the
veaction misture fo provide a substantially purified preparation comprising ¢ stroctural
womer of formula (11}
In some embodiments, the structural isomer of formula (1) s separated from the
reaction nuixture using chromatographic separation. In some embadiments, the

chromatographic separation is using flash silica gel for separation of isomers. In some

12
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smbodiments, the chromatographic separation is gravity separation of somers uﬁing

segd

fm
P

silfea gel. In some embodiments, the chivomatographic separation is using mov]
chromatagraphy for separation of isomers, In some embodiments, the chromatographic
separation uses Hguid chromatagraphy (LC} for separation of isomers. In some

s

8 erabodiments, the chromatographic separation is normal phase HPLC for separation of
somers. I some embodiments, the chromatographic separation {s reverse phase HPLC
for separation of isomers.
In some embodiments, the substantially purified preparation comprises at least
absout R0% of the structural tsomer of formuola (1), e.g., at least abont 8% of the
4 structural somer of formula (11, at loast about 95% of the structural isomer of formula
(I,
in another aspect, the invention features a method of making & compound of

formula (V) or a pharmaceutically acceptable salt thereof,

4

X2 R
RNTTNTT NS,
R
1 B
formmula (V)
wherem

cach X" and X°, for each occurrence, Is independently Cig alkylonsg;

aish 12,3, 4, or 5 and
Gy wherein

gach R is independently H ot

25 Y i O, NRY, or §;
R is alloy! or alkenyl;
S F .
R* is H or alkyl or atkenyl

the method comprising reacting @ compound of formula {1

P
sy
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[0l A

Y

P-4

=£
Py
=3
e
=

formula (1)

with a compound of formula (V1)

&
a AR
s Ny \Y

Q=Clor Br ar i

"

formula (VD
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to provide a compound of formula {V} or a pharmaceutically acceptable

sali thersot,

fnns

s embodiments, the pharmsacentically acceptable salt ther

hydrochloride salt of the compound of formula (V)

In one aspect, the invention features a compound of formula (X5,

M
R

and B are cach independently H, C-Cs a}}w:vi optionally suls

87, Co-Cy alkenyl, optionally substituted with 1-4 R, or CINRONR )

aption

B
R F

ally

H

L

oufis a

siitutod with 14

snd RY are each independently alkyl, alkenyl, alkynly, each of which is

subatitated with fluorn, chloro, bromo, or todo;

and L7 are each independently <NRC(O)-, ~CLOMNR", -QC{0}-, -C{HO-, -

8-, NRITIOMNR)-, ~-QCIOMNER -, -NRDC(D)O-, ~O-NsCe, OR, -
N, o ~NHOONH-N=C-,

H 3 s 3 . x 4
LR and LARY can be taken together to form an avetal, a ketal,

whereln
E{ is fluoro, chioro, bromo, iodo, OR, *'N{R‘}{ R‘;},. -ON, SR, S{G}R“G,

v‘rn i

and R are defined as sbove and can alse be H or phenyl;

i3

OCEONH-

ar an orfhoesier,
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RS i H, C-Cs alkyd,

R s H or O-Ce alkyl;

cach B and R are independently H or O alkyl;
R s H oor 00 alkyl;

minl, 23,485, o6

3 %

and L334 5008

te,

sid pharmacestically acceptable salis thereef,
in some embodiments, the compound is an incrganic salt therend, for example a

1.

hydrohalide salt thereof such as a hydrochloride salt thereof. In some embodiments, the

compound 18 an organic sall thereof.

Y

I some embodiments, RY and B® are each § independently Ci-Cy alkyl,

In soms embediments, R is methyl,

In some embodiments, R is methyl.

In some embodiments, R' and R? are both methyi,

In some embodiments, R' is H, methyl, ethyl, isopropyl, or 2-hydroxyethyl.
In some embodiments, R is 1.

i some embodiments, R is methyl, ethyl, propyl, or isopropyl.

fa some embodiments, R' is H, methyl, ethyl, isopropyl, or 2-hydroxyethy! and

R s H, methyd, ethyl, propyl, or isopropyl.

o some smbodiments, mis 1.
in seme embodiments, nis 1.

i some embodiments, both m and o are L.

In some embodiments, L' 18 -NROC{O)-, or -C{OINR"-,

In some embodiments, L' s -OC{O or -C{OYD-.

In some erabodiments, L' s 8-8-.

tn some embodiments, L' is -NROCIOMNR -

in some embodiments, L' is ~OC{OMN{RY- or MNRIICIOND-.

In some emvhodiments, LY s -0-N=C-.,

In some enthodiments, LD ~OC{ENINH-N=C- or -NEC{OINH-N=C-,
tn some mmbodiments, LY is ~<NRIC(O)-, or -C{{};}NR&.

In some embodiments, L7 is ~QC{O)- or -CEQ0-.

trrrk

1 some smbodiments, %48 8-S-,

4 .9;

15
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T some smbodiments, L7 is NRDTOMNER -

Insg ernbodiments, L* is -OCONER ") or ~N(R® }{ HOYO-

it some embodiments, L7 18 -O-N=C-,

In some embodiments, L -QC{OWH-N=C- or ~NHOOINHNSC-,
In some embodiments, both LY and L7 sve ~NR® SCLOY, or wifi{_{}}’s\“R“‘».
it sorne embodiments, both L' and L7 are -OC{0) or ~C{QYD-.

(521

It some embodiments, both L and 17 are 8-8-.
In some embodiments, both L' and L are -NRMCEOMNER")-
fn soms embodiments, both L and 1?2 are -OC{OINR- or -NERHCOW-.

10 In some embodiments, L 18 -NRC(O)- and L * i5 ~5-8-.

yord

n some embodiments, L' is —OC(O)- and L7 s 58
1 some embodiments, L' is -OC{OINRY or -N{R*IC{OO- and S
tn some embodiments, LY is -NERICOMNR- and L2 15 -8-8-
In some enthodiments, LR and LR are taken together to form an acetal, &
15 ketal, or an orthoester,
In some embodiments, each R and R* are independently alkyl.
1n some embodiments, both R and R are Ce-Cay atkyd.
fa some embodiments, cach L and 17 are independently -8-8- -0C(0 OW(RY-
or SNRICEOY0-,
iy in some ombodiments, R is alkoyl.
i some smbodiments, RY is alkyl.
in some embodiments, R is atkenyl.
In some embodiments, R is alkenyl.
In some smbodiments, each R® and RY we independently alkeny!, for example,
25 csch R and R ar & independently Cp-Csp alkenyl or each R7 and R are the same alkeny
MLy,
In some embodiments, each R and R* includes twe double bond moicties. In
some embodiments, at least one of the double bonds have a £ configuration. In some
cbodiments, both of the double bonds have a Z configuration. In some embodiments,

at least one of R® and RY is provided in formula (11} below

4
el

& - L
™ kv
»

formuala (1)
i6
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whersin

% iy an infeger from 1 fo §; and

¥ is an integer from 110, In some embodiments, both of R and R are of the
formuda {1}, In some embodiments, at least one of the double bonds have an B
configuration, 2.8, both of the doudble bonds have an E configuration. In some

embodiments, at least one of R and R is provided in formula (11} below

< &3
T ¢ N AN y\r
ey ):‘ eessasaiy el WP Je
* \? / w, AT ¥

i

forrouta (HD

¥ is an integer from 1 {o 8 and

)

¢
~

is an integer from 1-160
In some embodiments, each R and R® includes three double bond moieties. In
some embodiments, at least one of the double bonds have a £ configiration. In some
embodiments, at least twe of the double bonds have a Z configuration. i sume
embodiments, all three of the double bonds have 8 Z configuration. In some

e 2 . : PN Do
embodiments, at loast one of R and R is provided in formmla (IV) below

:

. £k PR
g WL e e ‘:\?;\

formula (FV}

wherein

X is an integer Fom 1 to §; and

v is an integer from 1-10. In some embodiments, both of RNand R are s
provided in formuda {1V} In some embodiments, st least one of the double bonds heve
an B configuration. In some embodiments, at least two of the double bonds have an E
configuration. In some embodiments, all three of the double bonds have an B
confignration. In some embodiments, at least one of R and R is provided in formula
{1V} below

RN __,J"'\N“\

iy ;
formula (V)
wherens

X 5 an integer from 1 10 ]; and
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v is an futeger from 1410, In some embodiments, both of R and R® ate as
provided in formula {V).

In some embodiments, R and R? are each Ci-Cs slky! (e, methyls, LY and L1
are each ~OC{G)-, and ’* and R? are each alken ¥yl Insome embodiments, R3 and R4
are the same. In some embodiments, R and R* both include two double bonds (e.g.,

. v r-3 v . P < ST,
having ois linkages). In some embodiments R’ and R* are provided ix formuda (1)

L N = 4
}{: Rt o ‘xﬂ-"\\mﬁx
v ¥

Yy

formmla {11

xisan inleger rom o 8e.g, 5 and
v 15 ant integer from 10 eg, 4

i one aspedt, the invention features 8 preparation including a compound of
formuia (X}

In one aspect, the invention features a preparation including g compound of
formuds (K} and a nucleie acid {e.g., an RNA such as an siRNA or &8RNA ora DNAL
in some ombodiment, the preparation also includes an additional hpid such as s
fusogenic ipid, or 8 PEG-lipid.

i one aspect, the invention features a method of making & compound of formula

X3
AN LY R
a? g
)Y Ll @
formiula (X3
wheremn
&} and R are each independently C-Cg alkyl, optionally substituted with 14
R

}‘3 i atkyl, alienyl, alkynyl

Vg -OC0)-

R’ i -OR, NERHRY, -CN, SR, SOIR", SRR
®is H, Ci-Cs alkyl;

TiaH oor G- atleyl;

-

foe

13
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cach R® and RY are dependently H or C-Us alkyd;

ol .
R ja H or 0 allon;
i and n are each independently 1, 2, 3, 4, §, or 6,

he method comprising reascting a compound of formula (V)

RY ;};‘i\"}}* ‘*’\‘\‘1@“{

R2OH

7

formuka (VI

with g compound of formmala (VI

m
.

o
5
%
=
"‘1

{X3.
In some embodiments, the coupling agent is a carhodumide such g8 EDCL
In sne aspect, the invention features a compound of formula {(XV) below
ol w{..\x“\ fﬁ\C X i"’)ff\D/F \,\#,.,{3}\,-* ~
G»L: F‘? “H
1§ formutda {XV)
wheretn;
pach L' and L7 are independently a bond or C(O);
cach B and R” are independently atky! alkeny! or alkoynyt; each of which is
optionally substituted with one or more substituents;
20 X s ~CHOINH-, CISINH, ~C{O)CLaalkyIC{OINE- or -C{OIC salkyiC{O) 0
m i3 an integer from 411 and
o iy an miteger from 1-300.
tn some embodiments, L' and L7 are both a bond,
In some embodiments, L' and L* are both C(O).
28 in some embodiments, each R! and R® are indepondently aliod, for example T
atkyl, e, Cip-Crealkyl, eg., Cy alkyl Chq alkyl, Cis alked, or Cps byl o some
: the same lenglh,

&
Coa o o Teed deeresd
Lo L » ¥
IV REVIRE W

sanbodiments, hoth R and R are sk, e, straight chain aliod having

i
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a8, Ce-Ung alky], 0.5, Cip-Cis sk, eg, (m alkyl, Crg alkyl, Cos alkyl, or Oy alkyl, In
in some embodiments, the formuala XV reperesents & racenic mxture
In some embodiments, the mmpmmu‘ of formuda XV has an enantiomenic sxoess
5 of the B isomer, e.g,, at least about 65%, 70%, 73%, 80%, 88%, 5004, 95%, W7%, 9&%,
or ¥9%. in some embodiments the formula XV represents enantiomerically pure "8
isQImer.
In some embodiments, the compound of formula XV has an enantiomeric exeess
of the S isomer, e.g., al least about 65%, T0%, 75%, 80%%, 85%, S0%, 95%, §77%, 8%,
10 or §9%. In some embodiments the formula XV represents enantiomerically pure 8
isomer.
In some embodiments, sach R’ and R? are independently alkenyd, for example,

¥ 2 o < - 4 H N 3
cach R and B are independently Ce-Cyy alkenyl or each RY and R” are the same alkenyt

motety. In some embodiments, each R and R* includes g single double bond, for
15 example a single double bond in the E or Z configuration,

in some embodiments, each R' and R? includes two double bond mojeties. In
some embodiments, at least one of the double bonds has a £ configurstion, In some
embodiments, both of the double bonds have ¢ Z configaration. In some embodiments,
at feast onc of R and R s provided in formula (1) below

:\3«:’\\\{,} e Nz "’:‘*}\?‘\
20 X
foraaala {1}

o & and

pLrers

X is an imteger from |
v &5 an integer from 110, In some embodiments, both of R and R® are of the
25 formuia {1} In some embodiments, at least one of the double bonds hasan B
configuration, e.g., both of the double bonds have an E configuralion. Insome

embodiments, at ‘ esst one of R and R* is provided in formula {11} belaw

b N T I e
- M S eeoreend ~ 3 }y\'-
Y
formula (ID
30 wherein

¥ is an teger from 1o §; and



5

o
oo

vy
(2]

o]
ose]

WO 2008/042973 PCT/US2007/080331

¥ is an indeger from 118

I some embodiments, each R and R includes three double bond moleties. In
some embodiments, at least one of the double bonds has a Z configuration. I some
embodiments, af least two of the double bonds have a Z configuration. In some
embodiments, all three of the double bonds have a Z confipuration. In some

embodiments, at least one of RY and R s provided in forpmida (V) below

- e

:‘»‘{“ ‘x"{ e '\"\ essveonttl \__ P S\\

formauda {TV)

whersin

x s an integer freen 1 to 8 amd

v is an integor from 1-10. In some embodiments, both of R and R wre as
provided in formula (VY In some embodiments, at least one of the doable bonds has an
¥ configuration. In some embodiments, at least two of the double bonds have an B
conflguration. In some embodiments, all theee of the doubde bonds have sn E

. L - F . . ) } B :ﬁ. . S xoa s s .
configuration. In some embodiments, at least one of R and R™ 13 provided in formala

{IV} below

X is an integer from 1 to 8; and

v is an dnteger from 1-10. In some embodiments, both of R and R are as

provided in formula (V)
in sovme embodiments, X s ~C{OINH-, providing a compound of formunla 3V}

blow:
O
Lt AR N PPN
RO NN T T
& Hom A ’n
g W
£s
L
R‘.\.

formula {XV"). In some embodiments, cach R' and & are independently alkyl,
for example CeCog kvl 0.8, Cr-Thy alkyl, .2, Cia alkyl, Co aliod, Crsalkyl, or Cyg

alkvl,. In some embodiments, both R and R are alkyl, e.g., straight chain aliod heving
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the same length, e.g., Ce-Copalkyl, 0.8 Cro-Crs alkyl, ez, Oy alkyd, Cryalkyt, Cis
alkyl, or O alkyl In some preferred embodiments, both R'and RPare MPEIUSUN
In some embodiments, X is -C{OY L;alkyiC{N0-,
In some embodiments, m is an integer from 110, for example an integer Hom 2-
4 or an misger 2
I some embodiments, n is an integer from 1-500, for example an integer from
A0-400, from 100-3530, from 4050 or from 42-47,

In some embodiments, the compound is a compouand of forala {XV7),

O3
¢4 P i A f o L .
o2 ’L"Q \{.f \\e}/ \Na{}\_/@\&,/ \QE- IRNPEL N
HomoA n
O s
it
Rg‘:

formula (XV')

wherein both L' and 17 are & bond. In some embodiments, each R and R are
ii‘xdﬂpenémﬁv atkyl, for example Cp-Cas alkyl, e.8,Cro-Cra alkyl, e.g., Craalkyl, Cis
alkvl, or Cig alkyl, In some embodiments, both R'and R® ave atkyl, g.g., straght chain
stloy! having the same length, e.g., CoUsp alkyl, o8, Cio-Chs alkyl, g, Cugalkyd, Gos
atkyl, or Cg atkyl, In some preferred embodiments, both R} and R* are G il In
some embodiments, | 1s an integer from 1-19, for example an integer from 3-4 or an

integer 2 In some embodiments, 1t is an infeger from 1-500, for example an integer from
40-400, or from 4350,

In some embodiments, the compound is a corapound of formula XV}, wherein
L1 and L2 are both bonds, R and R2 are both alkd {eg., Ce-Uss aik}fﬁ, SR O T
alkyl, prefervably Cyq atkyl}, and 1 s an integer from about 40-400

T

In some embodinents, the comound has a formula (XVI) below:

1%
e - o o e - P e -‘iL o {,-\‘ { s % Tt - Q
Y T g e ) A\T* SO N TN T T
H Voo in

~. P

N NG A N
formuis {XVD), wherein the repeating PEG modety has an average molecular
weight of 2000 with n value between 42 and 47.
in some smbodinents, the mmpmmd of formula XV has an enantionmenic oxcess

of the R isomer, ¢.8., ol least about 65%, 70%, 73%, 80%, 85%, 50%, 95%, ¥7
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or 89%. In some embodiments the compound of formula XV is a stereo isomer with
preferred absolute configuration */.

{11 one aspect, the invention features a PEG Hipid comjugated to a cholesterol
moiety. For example, the compound of formmula (XX} below:

P

Chcdesterol., G,,x\, P ‘,g:\,«@;\ ey
Vi &t

(¥4

Tormuls (XX
X i ~CHOIWNH-, CSINH, ~-CONC sty ICIOINE; or <C{OY aliniTiO-;
m v an infeger fom (11 and

i1 s gn deger fram 1-500,

106 in some embodiments the O attached to the cholesterol in formuala (XX 18 part
of the cholesterel moiety.
In some preforred cobodiments, X is ~C{OINH-, or ~-C{OHCalklC{OI0-,
In some embodiments, the compound of formula (XX is as provided below in
formula (XX
/\
“‘""‘l f,.' :jf\\
3 { I -
N _xj\\ x"\\
1 | o
L ' - £, N -
TN !G\T” T ji\ N \“Q"’ {‘ g Q}}'\/ (\\C}-"
R 1
15
formula (XX
iy pne aspect, the invention features a PEG lipid bound to g targeling moiety, for
oxsaple a sugar residue. For example, the compounds of formula {(XV} or (XX are
modified & the OMe terminal end with a targeting motety. In some smbodiments, the
28 targeting molety is bound to the FEG molety via a linker. Examplary targeted PEG
lipids are provided in formudas (XX1) and (XXII) below,
In one ermbodiment, the lipid is 8 compound of formuda (XX
v 3 -
wlun f*\ s g 0., e
R’S ' - »Y,A» A{\*,, ) .f"\\:.i "ﬁ}‘;',
Y )m 4 T
0.,z
RZ
foronsda (XA}
28 whersing

23



(251

HY

pon
[

Pt
£33

g
£

WO 2008/042973 PCT/US2007/080331

each U and 17 are in dependently a bond or C{O);
sach R and R® are independently alkyl alkenyl or alkynyl: each of wh

gptionally substituted with one or more substituents;

each X and X is independently ~C{OWNH-, ~NHC{O} -, CEEONH, {8 NH, -
C{OHC LalkICIOINH- NHC(O)YC (salkvlC{0) - -CIOYC, aaBodTiaO-; NROCOIG,

siadkyls or CaatytCEOINHA
m s an integer from O-11 and
n is an integer from 1-500
P is an mteger from 146, e, 33

T is a targeting motety such as a glycosyl molety {e.2, & sugar residue).

OH
?N
S
\"\*’"”O LR
HO SO
Hxamplary targeting moleties include AchN

Tn somie embodiments, L' and L7 are both a boud.
i1 some embodiments, L :md L7 are both C{0O).
I some embodiments, each R and R are independently alky, for example Cg

g alkvl, 0.2, Crp-Cig alkyl, 6.8, Cre alkyl, Cis slkyl, or Cig alkyd,. In some

y,m
»”5

smbodiments, both R and B are alkyl, ¢.g, straight chain eﬁkyi having the same length,

.. Oig alloyl, Cis alkyl, or Ce alikyl, In some

=

.., Te-Uas alkyl, 2.8, Cro-Cra alkyl, e

sreferred embodiments, both R and R are Oy atkyl,

P

in some swmbodiments, the {ormula (XXI) reperesents & racemic mbxture

In some embodiments, the compound of formula (XXI} has an enantiomeric

sxvess of the R isomer, e.g., at least about 8355, T0%, 75%, 80%, 85%6, 80%, ¥5%, Y%,

98%, or 99%. In some embodiments the formula (XXT) represents enantiomenically
pure "R isomer.
in seane cmbodiments, the compound of formula {XXI} has an exantiomernie

excess of the & isomer, ©.¢., ot least about 65%, 709, T3%, 80%, 85%6, S0%, 95%, ¥,

e

8%, or B9%, In some smbodiments the formula (XX} represents enantiomernically
pure 87 isomer.
i e b " -
In some embodiments, each R’ and R are mdependez'ni alkenyl, for example,

cacht RY and RY are independently Cy-Cso alkenyl or each RY and § B* are the same alkenyl

24
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moiety. In some smbodimems, each R and R® includes a single double hond, for
exampie 2 single donble bond in the B or £ configuration.
T sowne embodiments, each RY and R? includes two double bond motetics. In

some smbodiments, at least one of the double bonds has s £ configueation. In some

embodiments, both of the doable bonds have a Z configuration. Inn some embodiments,

at least one of B and R s pmvidfs& m formula (1) below
HONG e
X
formula {1}
wheren
1 x i3 an hteger from 1 to 8; and
v s an integer from 1-10. In some embodiments, both of R and R® are of the
forruds (0. In some embodiments, at least one of the double bonds has an B
configaration, ¢.g., both of the double bonds have an B configuration. In some
crabodiments, at least one of B! and B is provided in formula (1) belfow
32:'\?‘;?"\\“ :,,,,,f‘%“}\
S N ¥
formuda {HD
wherein
% is an integer from 1 o 8 and
¥ is an integer from 1-1{

20 I some embodiments, each R! and RY includes thres double bond moieties, In
some embodiments, at foast one of the double bonds has 2 £ configoration. In some
entbodiments, at least two of the double bonds have a Z configuration. In some
embodiments, all three of the double bonds have a Z configurstion. In some
embodiments, at least one of R and R? is provided in formula (IV) below

formula {IV)
wheretn
X is an integer from 1 to 8; and
v {5 an iateger from 1-10. In some embodiments, both of FRY and R® are as
3¢ provided in formata OV In some embodiments, at teast one of the double bonds hasan

3
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E configuration. In some embaodiments, at least two of the double bonds have an B

configaration. In some embodiments, all three of the double bonds have an B

3

i

O

configuration. In some embodiments, at least one of R and R is provided in formul
(V) below

e e N

vl "‘—‘\/—/\ﬂﬁ;’

formula {V)

wherein

X is an integer from 1 to §; and

v is an integer from 1-10. In some embodiments, both of R and & are as
provided in formula {V}

In some embodiments, pis 3

in some embodiments, L 18 NHC{OW ¢ alkyl {e.g., NHCOW Caalkl).

I some embodiments, the compound of formula (XX} is the compound of
{XXT) below

O
o 0 -
H{}Eﬁ‘;{?&/ Q‘\»”"ﬂ S E N‘/\v’f \O*{n\,fa\\%v” (\‘N"‘ﬁ\ {18\'{3 5
AcHN H S o
Cig

foramgda (XX

in one embodiment, the lipid 1 ¢ compound of formuda (XX

R S X L { {}}Vx\ A‘“}(‘ Pt

Vim “n

formuda (XXID

wherei,

cach X anmd X7 13 independently ~C{OINH-, -NHC{Q) -, C{EINH, CRINH, -
CEONC 1 saliyIC{OINH-; NHC{OYC, 1alkylC(0) -1 ~COI . aikylTEN0- NHOK

alkylC{OINH-

w1 15 an integer from 0~11 and

satkyl or €

1 18 an integer from 1-500

-3

D is an ixtoger from 1-6, 0.2, 3

0
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H

Yrrd,
e
oz

a targeting moiety such as a gl}fc-osyl modety {e.g., a sugar residue).

*fl

"‘§\.} A .&f" &
Exsmnplary targeting moieties include AcHN .

S

i

In sorne proferred embodiments, the compound of formula (XX} is the

componnd of (XX} as provided below:

f";

‘w-» K.,) ﬁ
HO- u\w—fm\./ SN

Ac\«\
formuda (XX

fey!

In one gspect, the invention features an association complex conyrising &
compound preparation comprising & compound described herein {e.g., a compound of
formwula {13 or & compound of formula (X3) and g nuclete acld such a3 an RNA & single

stranded or double stranded RNA {o.g., siRNA or dsRNA or a DNA). In some

o

ermbodiments, the asscciation complex is a lipoplex or a liposome. In some
ermbodiments the association complex includes one or more additional components such
as @ targeting mofety, 3 fusogenic Upid, s PEGylated lipid, such as a PEG-lipid
deseribed heretn such as ¢ PEG-lipid having the formula (XV}, XV }or XV}«
15 structwral component. In some embodiments, the PEG-lipid is a targeted PEG-lipid as
deseribed herelny, 2.2, a compound of formula (XX, (XXT), (XXH}, or (XX}
i1 one aspect, the invention features a method of formiug & Hposome comprising
contacting a Hpid preparation comprising a compound described herein {e.g. 8 lipid
described herein such as a compoand of formuda (1) or foromla (X)) with a therapeatic
20 agent in the presence of a buffer, wherein said buffer:
is of sufficient strenpth that substantially all amines of the molecules
formula ¥ are protonated;
is present at between 100 and 300mM;
is present at a concentration that provides significantly wore protonation

of than does the same buffer at 20 mM.

o
&3]

I one aspect, the invention features a Hposome made by the method desceribed

hevein.

o
23
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¥

n one aspect, the invention features a method of forming a liposome comprising
contacting g lpid preparation described herein {e.g., 8 lipid proparation comprising a
compound of formula () or 8 compound of formula {X}} with a therapeutic agot in g
muxture comprising at least about 90% cthanol and rapidly mixing the lipid preparation
with the therapentic agent to provide a particle having a dismeter of less than abowt 200
oM. In some embodiments, the particle has a diameter of Tess than about §0 b,

n one aspeet, the invention features a method of forming a liposome comprising
contacting a lipid preparation described herein {e.g., 8 lipid preparation comprising a
compnound of formula (1) or a compound of formula (X0} with 8 thergpeutic agent in the
presence of ¢ butfer, wherein said buffer has a concentration from about 100 to abont
300mbL

aspect, the invention features liposome comprising & preparation

o
paey
]
ol
%
55

deseribed herein {e.g., a Hptd preparation comprising a compound of foromla {Hor s
compound of formuda (X33 and 3 nucleie acid, In some embodiments, the preparation
also includoy a PEGyiated Hpid, for example a PEG-lipid deseribed herein, such asa
PEG-ipid having the formula (XV}, {XV ) or (XVI). In some embodiments, the PEG-
tipid is a targeted PEG-lipid as described herein, e.g., 8 compound of formuls (XX3),
(XK 3, (UKD, or (XX In some embodiments, the preparation alse inchudes a
structural molety such as cholestersl. In some embodiments the preparation of

sscociation complex includes compounds of formadae (1), (XV) and cholesterol In
some smbodiments, said nucleic acid is an sIRNA, for example said apcleie acid iz an
siRNA which hae been modified to resist depradation, sald nucleic acid is an siRNA
which has been modified by modification of the polysaccharide backbone, or said
SIRNA targets the ApoB gene.

{n some smbodiments, the Hposome forther comprizies a stroctural moiety and a
PEGylated Hpid, such as g PREG-lipid described herein, whercin the ratio, by weight, of
preparsiion {e.g., & Hpid preparation comprising a compouwnd of ormula (D ora
compound of foromla (X)), a structural motety such as cholesterol, PEGyiated fipid, and
a nucleio acid, is 8-32:4-10:4-12:0.4-2.2. In some embodiments, the structural moiety is
cholesterol, In some smbodiments, the ratio is 10-20:0.53-8.05-10:0.5-2.0, e g,
15:0.8:7:1. In some embodiments, the average liposome dimneler is bebween 10 nm snd

TS0 mny, e, the average Hposome diameter 1s between 30 and 200 mm or the average

&
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iposeme diameter 1s between 30 and 100w, In some embaodiments, the preparation 18

porsh

fess than 15%, by weight, of unreacted lipid. In some embodiments, the ratio of the

3¢

sreparation {e.g., ¢ Hpid preparation comprising a compound of formula (ffora
i\ ra

compound of formula {X}}, the structural moisty such as cholesterol, and the PEG lipid
is gbout 42/48/10 {molar ratio). In some embodiments, the total Hipid o nuclele acid

{e.g., iRNA) is about 7.5% by weight,
n some embodiments an associgtion complex described herein has a weight

ratio of total excipients to nucleic acid of less than sbout 15:1, for example, about H:,

7.5:1 prabout 3.1,
It one aspect, the invention features a method of forming an association complex
comprising a plurality of Hpid moicties and a therapeuntic ageny, the method comprising:

mixing a plarality of lipid moieties in ethanol and aqueous NaAc buffer to provide a

particle; and adding the therapeutic agent to the patticle, thereby forming the association

gomplex.
In some embodiments, the lipid moietics are provided in a solution of T00%

sthanol

In some embodiments, the plurality of liptd moietics comprise 8 cationic Hpid.
fn some embodiments, the cationic Hpid is a lipid described herein, for example,
the cationic lipid is g lipid of one of the following or a mixture thereol
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preferred exnbodiments, the cationie hipad 1s
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In some embodiments, the plurslity of ipid moteties comprise & PEG-hipid, for

each LY and L7 are independently a bond or C{O);
sach B and BT are independently alkyl alkenyl or alkynyl; each of which is optionally
substituted with one or more sobstituents;
¥ is ~C{OINH-, CSINH, -CON 15alkyiC{OINH-; or -ClOMC aallon TG
i is an mteger fom 0-11 and
1 1% an isdeger from 1-30G,
in some preferred embodiments, the PEG-lipid is a PEG hipd of formula {XVI}
wherein the repeating PEG moiety has sn average molecular weight of 2000, for

example, with an n value hetween 42 and 47 or the lipid provided below:

PN P T e e el \"""‘c}*’i'\" N \{J\Q?"\‘v .
= A\ )
o~ \f"‘“\f!‘?\‘vﬁ-" “)V\\w‘, '/A\u’ /\\‘v‘{ O
in some embodiments, the plurality of lipid moieties comprises s structursd lipid
for example, the structural lipid 1s cholesterol.
In some embodiments, the PEG-lipid is a targeted PEG-lipid as deseribed heretn,
2.8, 8 compound of formula (XX, (XX, (XXH), or (XX}
30
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In some embodiments, the method includes further comprising f::-\;{méing the
Hipad containing particles, for example, prior fo addition of the therapeutic agent,

In some envbodiments, the therapeutic sgent Is a nuclete scid, for example, an
$iRNA, such a8 an siRNA which has been modified to restst degradation, an siBNA
which has been modified by modification of the polysaccharide backbone, or an siRNA

conjugated fo a Lipophilic molety, In some crbodiments, the siRNA targets the ApoB

L
e,

BENS.

In some embodiments, the association complex comprises 8 cationie lipid, 2
structural lipid, a PEG-lipid and & nucleic scid. In some cmbodiments, the melar ratio
of the cationiv Hpid, sivuctural lipid, PEG-lipid and nucleie acid is 36-48:42-534:5-14, for
example, 38-46:44-52:8-12 or about 42:4%:10. In some smbodiments, the weight ratio
of total exipiont to aucletr acid is less than about 151, for example, about 161 abowt

7.5:1 orabout 5:1. In some preferred embodiments, the cationte lipid has the following

H
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the PEG-lipid is 2 PRG lipd of formula {XV1), whercin the repeating PEG molety has an

average malecular weight of 2000, for example, with an n value between 42 and 47 or

has the following stracture:

0
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the struchweal lipid is cholesterol, for example, wherein the molar ratio of the cationte
lipid, structural Hpid, is PEG-lipid is 38-46:44-52:3-12, e g, about 42:48:10. In some
preferved embodiments, the weight ratio of total exipient to nuclete acid 13 less than

gbout 1531, a1

3

about 11, about 7.5:1, or about 5:1,

in another aspuct, the invention features an association complex made from a
method described herein,

in another aspect, the invention features asspciation complex comprising a
cationic Hpid, & structural lipid, 8 PEG-lipid and a nuclele acid, wherein the cationd
Lomicd To T oo Tt od erd od 3 . ey S : CE - NP
lipid is s a Hpid of one of the following or a mixture thereot:

3
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& PEG-Hpid 1z 2 PEG Hpd of formula (XV1), wherein the repeating PEG modety has an
average molecular woight of 2000, for example, with an

5 value between 42 and 47 or
has the ol

swing structure:
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al Hipad 1s cholesierel, In some preferred embodiments, the suclaic acid 18 an

sRNA. In some preforred embodiments, the cationic Hpid has the following formu
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. I some
preforred embodiments, the molar ratio of the cationic lipid preparation, structural Bipad
(2.8, »:hoiest;:re’i}, PEG-lipid and nucleic acid is 36-48:42-54:6-14, for gxample, 38~
46:44-82:8-12 or about 42:4%:10. In sowe preforred embodiments, the weight ratio of
total exipion to nucleie acid is less than about 1511, for example, sbout 1001, abowt
7.5:1, or about 511,

iy some embodiments, an sssociation complex desceribed heretn has 8 mean
diameter or pavticle size of less than about 25000 nm, e.g., from about 28 to 200 mm,

about &8, or about 50 nn

In some mimdunent& a nucleic acid as administered in an association complex

soribed horetn, demonstrates 8 serum half hife {e.g., i virre) Tor at foust about 4 hows,

()
w3
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2.8, at loast abowd 6 howrs, at least about B howrs, at least about 12 hours, at least about
24 hours, at lcast abount 2 days, at least about 3 days, at fegst about 4 davs, at feast abouwt
{week, at least about 2 weeks, or at least about 3 weeks.
In one aspect, the invention features a pharmaceutivally acceptahie composition
comprising the preparation described herein.
i one aspect, the invention foatures o pharmacentically acceptable composition
conprising a liposome desertbed hevein.

in one aspect, the invention featuress mwthod of treating & mammal comprising

(&3

adnmstoring to said mammal a therapeutic smount of a pharmaceutically acceptable

compesition, for example, an association complex such as a Hposome described herein.

The term “hale™ or “halogen” refers to any radical of fluorine, chlorine, bromine
0 or wodine,
The tenw “alkyl” refors o a hydrocarbon chain that may be g stradght chamn oy
branched chaig, containing the indicated number of carbon atoms, For example, C-Usg
alky! indicates that the grosp may have from 1 fo 136 (oelustve) carbon atoms in i
The term “haloalkyl” refirs to an alkyl in which one or more hydrogen atons ave
15 replaced by halo, and includes alkyl moieties in which all hydrogens have been replaced
by hale {o.g., perfluoroalicyl). The terms “arylaliy!l™ or “aralky!” refer to an alkyl
moiety in which an alkyl hydrogen atom is replaced by an aryl group. Aralkyl includes
aroups in which more than one hydrogen sfom has been replaced by an arvl group,
Examples of “arvlalkool”™ or “aralkyl” include benzyl, 2-phenyiethyl, 3-phenvipropyd, 6-
20 fluorenyl, berwhydryd, and {rityl groups.
The term “alkylene” refers to a divalent alkyl, e.g., -CHy- -CHCHy, -
CHUHCHy, - CHCHOHCHY, -CHCHCHCHCHy-, and
CHAOHCH.CHCHCHy~,

The terns “alkenyl” refers to a straight or branched hydrocarbon chain containing

=5
padl

2-36 carbon ateans and having one or more double bonds. Examples of alkeny groups
include, but are not Hintted to, allyl, propenyd, 2-butenyl, 3-hexenyl and 3-octenyl
groups. One of the deuble bond carbons may optionally be the potat of attachment of
fhe alkenyl substituent. The term “alkyay!” refers to a straight or branched hydrovarborn

X

chain contatning 2-36 carbon atoms and characterized in having one or more inple

et
L
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bonds. Examples of altkynyl groups includs, but are not Hmited fo, ethynvl, propargyl,
and I-heaynyl. One of the triple bond carbons may optionally be the point of
attachwient of the allony] substitvent.
The term “substituents” refers to a group “substituted™ on an alloyl, oyclaalkyl,

5 alkenyl, alkynyl, heterocyelyl, heterocyeloalkenyl, cveloaltkenyl, arvl, or heteroaryl
group at any atom of that group. Any atom can bo sobstituted. Suitable substituents
inchude, without Hmitation, alkvl {e.g., C1, €2, C3, G4, T8, T8, €7, C8, 8, C14, €11,
C12 straight or branched chatn alkyl), eveloatkyl, haloalkyl {c.g., perfluorcatky! such as
CF3}, aryl, heteroaryl, avalkyl, heteroaralkyl, heterocyelyl, aikmyi, alkyayl

18 cycloatkenyl, heterocveloalkenyl, alkoxy, haloalkoxy {e.g.. perfluoroatkoxy such ag
GCFy), halo, hydroxy, carboxy, carboxylate, cyano, nitro, aminoe, alkyl aming, 5G:H,
sulfate, phosphate, methylenedioxy (~+O-CH~0- wherein oxyeens are atiached to same
carbon {geminal substitution) atoms), ethylenedioxy, oxo, thioxe {e.g., U=8), imino
{alloyt, aryl, araliovl), S{O)akkyt (where nis 62}, S{O), anvl {whers n s G-23, S{O),

15 heteroaryl {where n s 0-2), S(O), heterocyclyl {(where 1 is (-2}, amine {mono-, di-,
adkyl, eyeloalkyl, aralkyl, heteroaralkyl, aryl, heteroaryl, and combinations thereod},
gster {alkyd, aratkyl, heteroaralkyl, arv, heteroaryl), anude {mono-, di-, alkyl, sraliod,
hetevoaralkyl, anyd, heteroaryl, and combinations thereof}, sulfonamide {mono-, di-,
allyl, aralkyl, heteroaralkyl, and combinations thereo!). In one gspoct, the substituents

20 on a group are independently any one single, or any subset of the alorementioned
substituents, In another aspect, a substituent may fself be substituted with any one of
the above sobstituents.

The torm “structural isomoer” as used herein refors o any of two or more
chemical compounds, such as propy! aleohol and isopropyl aleohol, having the same

25 molecular Drmula but different structural formulas,

The term “geometric isomer”™ or “storecisomer” as used hereln refers to twe or
more compounds which contain the same number and types of atoms, and bonds (i.e
the connectivily between atoms is the same), but which have different spatial
arvangements of the stoms, for example cis and trans isomers of & double bond,

20 cnantiomers, and diasteriomers.

For convenience, the meaning of certain terms and phrases used in the

specification, examples, and appended claims, are provided below. [fthere is an

Yad
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apparent discrepancy between the usage of a term in other parts of this specification and

its definition provided in this section, the definition in this section shall prevail.

GO AT and MU each generally stand for a oncleotide that contains
guanine, cvtosine, adenine, and uracil as a base, respectively. However, it will be
understood that the term “ribonucleotide” or “nucleotide” can also refer to a modified
melentide, ag Ruther detailed below, or a surrogate replacement modety, The skilied

%

person s well aware that guanine, eytosine, adenine, and uracil may be replaced by

-«

-

other moieties without substantially altering the base pairing properties of w
pligonuelestide comprising a nucleotide bearing such replacement molety. Sor
example, without Himitation, a nucleotide comprising inosine as its base may base pair
with nucleotides containing adenine, cytosine, or uracil. Hence, nuclsotides contaimng
wracil, gnanine, or adenine may be replaced in the nucleotide sequences of the invention
By & nucleotide containing, for example, inesine. Sequences comprising such
replacement moietics are smbodiments of the inveation.

As used hereln, “target sequence” refers to a contiguous portion of the nucleotide

o

sequence of an mRNA molecole formed during the transeription of the corresponding
gene, including mRNA that is a produst of RNA processing of a primary transcription
proaduct. A target region is g segment in a target gene that is complementary 1o a portion
of the KNAG agent.

Az used herein, the term “strand comprising a seguence™ refers to an
sligonucleotide comprising a chain of nucleotides that is described by the sequence
referred to using the standard sucleotide nomenclature.

As used herein, and unless otherwise indicated, the term "complementary,” when
used 1o deseribe a frst nucleotide sequence in relation to a second nucleotide sequence,
sefers t the ability of an oligonucleotide or polynucleotide comprising the frst
nuclootide sequence fo hybridize and form a duplex structire under coviain conditions
with an oligenucleotide or polynucleotide comprising the second nucleotide & Seguency,
as will be understood by the skilled person, Such conditions can, for example, be
stringent consditions, where stringent conditions may include: 400 mM NaCl, 40 mM
PIPES pH 6.4, 1 maM BDTA, 50°C or 70°C for 12-16 hours followed by washing, Other
conditions, such as phivsiologically relevant conditions as may be encountered inside an

organiem, can apply. Vhe skilled person will be able to defermine the set of conditions

Lot
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most appropriate for a test of complementarity of two sequences in accordance with the
ultimaie application of the hybridized nucleotides.
This includes base-pairing of the oligonucleotide or polynucleotide comprising

the first nucleotide sequence to the oligonucleotide or polynucleotide comprising the

£

second nucleetide sequence over the entire length of the first and second nucleotide
seguence. Such sequences can be referred to as “fully complomentary” with respect i
cach other herein, Howoever, where a first soquence is referred (o as “substantially
complementary”™ with respect to a second sequence herein, the two sequences van he
fully complementary, or they may form one or more, but generally not more than 4, 3 or
10 2 mismatched base pairs upon hybridization, while retatning the ability to hybridize
under the conditions mest relevant to thelr ultimate application. However, where twa
oligenpcieotides are designed to form, upon hybridization, one or more single stranded
oeerhangs, such overhangs shall not be regarded as mismatches with regard 1o the
deternsination of complementarity, For example, an oligonucieotide agent comprising
15 one oliganuelentide 21 nuclectides in length and another oligomucicotide 23 nuclevtides
it length, wherein the longer oligonucleotide comprises 8 sequence of 21 nucleotides
that is fully complementary to the shorter oligonuclieotide, may vet be reforred 0 as
“fully complomentary” for the purpeses of the invention.
“Complementary” sequences, as used herein, may alse include, or be formed
20 entirely from, non-Watson-Crick base pairs and/or hase pairs formed from non-naturad
and moedified nucleotides, n a3 far as the above requirements with respect to their ability
to hybridiee are fulfilled.
The {erms “complementary”, “fully complementary” and “substantially
complementary” horein may be used with respect to the base matching between the
25 sense strand and the antisense strand of an oligonuclectide agent, or between the
antisense strand of an oligonucleotide agent amd a target sequence, as will bo understood
fromn the coutoxrt of their use.
As used herein, a polymucleotide which is “substantially compleneiary to at
feast pact of” g enger RNA {mRNAJ refers to g polynuclectide which is

30 substantially ;:mnpi&memm'y 10 & contignous portion of the mRNA of interest. For

cxample, & polynucieotide s complomentary to at least a past of an ApoB mEKA if'the

3&
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¥,

soquenee is substantially complementary (0 2 non-interrupted portion of a mRNA
encoding ApoB.

As used heretn, an “oligonucleotide agent™ refers to a single stranded oligomer
or polymer of ribonucleic acid {RNA} or deoxyribonucleic acid {DNA) or both or
modifications thereof, which is antisense with respeet to its tarpet. This torms includes
oligonucicotides composed of naturally-ocouering nucleobases, sugars and covalent
miernucieoside {backbone) linkages as well as oligonucleotides having non-naturally-
oecurring portions which function similarly. Such modified or substifuted

oligomuciectides are often preferred over native forms because of desirable properties
such as, for example, enhanved cellular uptake, enhanced sffinity for nucleic acid target
and inoreased stabilily in the presence of nucleases.

Oligonuciestide agents include hoth nucleic acid targeting (NAT
oligonucleotide agents and protein-targeting (PT) oligonucleotide agents, NAT and PT

oliponucieotide agents refer to single siranded oligomers or polymers of ribonucleic scid
{BNA) or deoxyribonucteiv acid (DNA} or both or modifications theveof This term
includes oligonuckeotides composed of naturally oceurring nuciecbases, sugars, and
covalent internucieoside (backbone} linkages as well as ohigonuclentides having non-
naturally-occourring portions that function similarly. Such medified or substituted
oligonucleotides are often preferred over native forms because of desirable properties
such ag, for example, enhanced cellular uptake, enhanced affinity for nucleic acid target,
andfor increased stability in the presence of nucleases, NATSs designed to bind to
specific RNA or DINA targets have substantial complementarity, e.g., at least 70, 80, 84,
or 1009 complementary, with at least 10, 20, or 30 or more bases of a target nucleie
acid, and include antisense RNAs, microRNAs, antagomirs and other non-duplex
structures which can modulate expression. Other NAT oligonucicotide agents include
extemnal guide sequence (BEG8) oligonuticotides {oligozymes), DNAzymes, and
ribozvmes. The NAT oligonucleotide agents can target any nucleic acid, a.g., a miRNA,|
s pro-miRNA, 2 preemBRNA, an mRNA, or 8 DNA. These NAT sligonucientide agents
may or may not bind via Watsen-Crick complementarity to their targets. PT
oligonucieotide agents bind to profewn targels, preferably by virtue of three-dimensional
interactions, snd modulate protein activity, They include decoy RNAs, aptamers, and

the like
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While not wishing to be bound by theory, an oligonucisotide agent may act by
one or move of a number of mechanisms, including a cleavage-dependent e cleavage-
independent mechanism. A cleavage-based mechanism can be RNAse H dependent
andfor can include RISC complex function. Cleavage-independent mechanisms include
cecupancy-based translational arrest, such as can be mediated by miRNAs, or binding of
the oligonucieotide agent to a protein, as do aptamers. Oligonucleotide agents may alse
beused to alter the expression of genes by changing the choice of splee site in & pre-
mRNA. Inhibition of splicing can alse result in degradation of the improperty procsssed

message, thus downeregulating gene expression,

The ferm “double-stranded RNA” or “dsRNA”, 45 used hergin, refersto g
complex of ribonucleie acid molecules, having a duplex strocture comprising two anti-
paraiiel and substanfially complementary, as defined sbove, nucleic acid strands. The
two strinds forming the duplex structure may be different portions of one larger RNA
saplecaie, or they may be separate RNA melecules. Where separate RNA molecules,
such dsRNA are often referred to in the literature as siRNA (“short Interfering RNA™.
Where the two sfrands are part of one larger molecule, and therefore are connected by
an uninterrupied chain of nucleotides between the 37-end of one strand and the Fend of
the respective other strand forming the duplex structure, the connecting RNA chain is
referred 10 38 8 “hairpin loop™, “short hadrpin RNA™ or “shRNA”. Where the two
strands are connected covalently by means other than an uninterrupted chain of
nucleotides between the 3%-end of one strand and the $'end of the respective nther strand
The

M

21
Pt

forming the duplex structure, the connecting structure is reforred to as 2 “linke
RNA strands may have the same or a different number of nucleotides. The maximum
smber of base pairs is the manber of nucleotides in the shortest strand of the dsRNA
nings any pverhangs that are present in the duplex. In addition to the duplex structure,
a dsSRNA miny comprise one or more nucleotide overhangs. In addition, ax used in this
speification, “dsRNA" may include cheniesl modifications to ribonucientides,
including substantial modifications at multiple nucleotides and including &lf types of

in

£

maxdifications disclosed herein or known in the art. Any such modifications, 8s use
an stRNA type molecule, are encompassed by “dsRNA™ for the purposes of this

specification and claims.

ke
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As usad herein, 8 “nucleotide overhang” refers to the unpaired ruclentide or
sucleotides that protrode from the duplex structare of 8 dSRNA when a 3-end of one
strand of the dsRNA extends beyond the 5-end of the other strand, or vice veraa.
“Blunt” or “blunt end™ means that there are no unpaired nuclectides at thet end of the

5 dsRNA, 1.2, no nueleotide overhang. A “blunt ended” dsBNA is 2 BsRNA that is
double-stranded over its entire longth, L, no nucleotide overhang at either ond of the

mofecule. For clarity, chemical caps or non-nucleotide chemical moieties confogated to

-

end or 37 end of an sIRNA are not considered in defermining whether an siRNA

22
%
.JJ
f';

has an pverhang or is blunt ended.

gt The teom “antisense strand™ refers to the strand of a dsRNA which ncludes a

region that is substantially complementary to o target soquence. As used herein, the

fermt “rogion of camplementarily” refers to the region on the antisense strand that iz
substantially complementary to a sequence, for example 8 target sequence, as defined

hersin, Where the region of complementarity is not fully complementary 1o the target

et
o

sequence, the mismatches are most tolerated in the terminal regions and, if present, are

s

generally in g terminal region or reglong, e.g., within 6, 5, 4, 3, or 2 nucleotides of the &7

22
')‘

andfor 37 fonminus,
The term “sense strand,” as used herein, refers {0 the strand of a §sRNA that

meludes a region that is substantially complementary to a region of the antisense strand.

sems Usilence” and “inhabit the expression of ", in as Hr as theyreforto g

e

20 The
target gene, herein refer to the at least partial suppression of the expression of the gene,
g3 manifested by a reduction of the amount of mRNA transcribed from the pene which
may be isolated from a Hret cell or group of cells in which the gene is transcribed and
witich has or have been treated such that the expression of the gene is inhibited, as

<

compared 1o a second cell or group of cells substantislly identical to the first celi or

ol
144

group of cells but which has or have not been so treated {conirol cells). The dogree of

inhibition {5 usually expressed in terms of

{mBRNA in control calls) ~ (mRNA in treated cells)
{mRNA i control cells)

o 1%

Alternatively, the degree of intubition may be given in ferms of a reduction of a

a9 parameter that is functionally linked t0 gene transcription, e.g. the smount of protein

Lo}
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encoded by the gene which is seoreted by a cell, or the number of cells displaving &

cortain phenotype, o.g apoptosis. In principle, gene sitencing may be determined nany
cell cxpressing the target, cither constitultvely or by genomic engineering, sxd by sny

spyropriate assay. However, when a reference 13 needed in order to deternine whethe

a given dsRNA inhibits the expression of the gene by a certain degree and therefore is

encompassed by the instant invention, the assay provided in the Exampies below shall

serve gy such reference.

For g:-;»:ampie, in certain instances, oxpression of the gene is suppressed by at feast

abrout 2094, 23%, 35%, or 50% by administration of the double-stranded oligonucieotide
¥ the nvention. In some embodiment, the gene is suppressed by at loast about 80%

0%, or 30% by administration of the double-stranded oligonucicotide of the invention.

In some enthodiments, the gene is suppressed by at least about 83%, 90%, or 3% by

administration of the double-stranded oligonucleotide of the fnvention.

As nsed hergin, the tenms "treat”, "reatment”, and the Bke, refer to relief from ov
allevistion of pathological processes which can be mediated by down reguisting
particular gene, In the context of the present invention insotar as i relates (o any of the
other conditions recited herein below (other than pathological processes which can be
medisted by down regulating the gene}, the terms "treat”, "treatment”, and the Iike wean
to relove or alleviate at least one symptom associated with such condition, or 1o slow or

averse the progression of such condition.

As used herein, the phrases "herapestically effective amount” and
*orophiviactically effective amowt” refer to an amcount that provides a therapeutic
benefit in the troatment, prevention, or management of pathological processes which can
be mediated by down regulating the gene on or an overt sympton of pathologieal

a2

processes which can be mediated by down regulating the gene. The specific amount that
is therapeutivally effective can be readity determined by ordinary medical practitioner,
and may vary depending on factors known in the arf, sach as, e.g. the typeof
pathological processes which can be mediated by down regulating the gene, the patient’s

1

history and age, the stage of pathological processes which can be mediated by down
regulating gene expression, and the administration of other anti-pathological processes
which can be mediated by down reguluting gene expression. An effective amount, 1 the

sontext of treating a subject, s safficient o produce a therapeatic benefit, The term
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“therapeutic benefit” as used herein refers to anvthing that promotes or enhances the
well-being of the subject with respect to the medical treatment of the sabject's eell
proliferative discase. A list of nonexhaustive examples of this includes exiension of the

X

patients life by any peried of time; decrease or delay in the ﬂe@piastic development of

§ the disease; decrease 1n hyperproliferation; reduction in tumor growth; delay of
metastases; reduction in the proliferation rate of a cancer cell, tumor ccll, or any other

h},fpcrpmiifm‘aﬁve celil induction of apoptosis in any treated cell or in any cell atfocted
by a treated cell] andfor a decrease in pain to the subject that can be attributed $o the
patient’s condition.

0 As used herein, a “pharmaceutical composition” comprises a pharmacologically

fey

gtfective amount of an oligonucleotide agent and & pharmaceutically acceptable carrier.
As used herein, “pharmacologically effective amount,” “therapentically effective
amount” or §zmp§v “elipctive amount” refers to that amount of an RNA effective to
produce the intended pharmacological, therapeutic or proventive result, For example, if
15 a piven chinical freatment is considered effective when there is al least & 25% reduction
m a measurable paraneter associated with a disease or disorder, a ﬁm‘a;penhca}i
effective amount of g drug for the reatment of that disease or disorder is the amount
necessary o offect at leagt a 25% reduction in that parameter.
The term “pharmaceutically acceptable carrier” refers to g carrier for
20 sdnvmstyation of a therapeutic agent. Such carmers include, but are not linuted o,
safine, buffered saline, dextrose, water, glyveerol, ethanol, and combinatinny thereof and
are deseribed in more detail below. The term specifically excludes cell culture medivm,

The detatls of one or more embodiments of the myvention are set fwth in the

oa

accompanying drawings and the descriplion below. Qiher {eatures, objects, an
88 advantages of the invention will be apparent from the description and drawings, and

vom the claims.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 depicts a bar graph comparing the efficacy of various NDSE compostiions.
Fig. 2 depiets a bar graph comparing the efficacy of various NS compositions,
30 Fig. 3 depicts 2 bar graph demonsrating the efficacy of a 6-tailed isomer of
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N

Fig. 4 depicts a bar graph comparing the efficacy of association complexes
prepared using two ditferent procedures,

Fig. § depicts various PEG lipid moleties, including those having various chain

fengths.
5 Fig. & depicts a bar graph comparing the efficacy of association complexes.
Fig. 7 depicts a bar graph comparing the tolerability of various complexes as the
ratio of Hpid to siRNA is reduced.
Fig. 8 13 a flow chart of a process for making an asseciation complex loaded with
auciele acid
19 Fig. & wre bar graphs depicting the efficacy of siRNAs with two targets, FVI and
ApoB.
Fig. 1015 a flow chart of a procsss for making an association complex loaded
with nuclete acid.
Fig. 11 iz @ bar graph depicting the effect of particle size of association
15 complexcs on the efficacy of a nucleic acid in a silencing assay.
Figs, 12z and 12b are bar graphs comparing the serum half life of nucleic acid
therapeutics in unformulated and formulated forms.
Fig. 13 1» a bar graph comparing the efficacy of association complexes having
PREG Upids with varied chain lengths.
20 DETAILED DESCRIPTION
Lipsd preparations and delivery systems usefid to sdminister nuclele acid baged
therapies such as sIRNA are deseribed herein,
Cationic Lipid compounds and lipid preparatiens
Folyamine Hpid preparations
38 Applicants have discovered that certain polyamine Hpid moieties provide
desirable properties for administration of nucleic scids, such as siRNA. For example, in
some embodiments, a lipid modety is complexed with a Factor Vi-targeting siRNA and
administered to an amimal such as a mouse. The level of seereted serum Factor VI is
then quantified {24 b post administration), where the degree of Factor VIT silencing
A0 indicates the degree of i vive siRNA delivery, Accordingly, lipids providing enhanced

fn vive delivery of a nucleic acid such as sikNA are preferred. In pariicular, Applicants
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have discovered polyanines having substitutions deseribed herein can have desirable
properties for delivering siRNA, such as bioavailability, biodegradability, and
tlerability
it one embodiment, a lpid preparation includes & polyansine molety having a
plurality of substituents, such as acrylamide or acrylate substituents attached thereto.
For example, a lipid moiety can inchude a polyamine moiety as provided below,
P xe
HaNT ONT NHa
| H
n
where one or more of the hvdrogen atorns are substituted, for example with s substituent
ineluding a long chain alkyd, alkenyl, or alkynyl moiety, which in some emhodimoents is
further substituted. X® and X® ave alkylene moieties. In some embodiments, X* and X°
have the same chain length, for example X* and X® are both ethylene moietiss. in other
embodiments X* and X® are of differing chain longths. In some embodiments, where the
polyamine includes a plorality of X* moleties, X* can vary with one or more
accurrences. For example, where the polyamine i3 sperming, X in one ocourrence is
propyiene, X in another ocourrence is butylencs, and X is propylene,
Applicants have discovered that i some instances # 15 desirable to have a
relatively high degree of substitution on the polvamine. For example, in some
embodiments, Applicants have discovered that polvamine preparations where at least
8096 {e.g., at least about 85%, at Jeast about 90%, af least about 95%, at least abont
Q7% gt least about 98%, al least sbout 99%, or substantially all} of the polyamines in
the preparation have af least n + 2 of the hydrogens substituted with a substituent
provide desirable properties, for example for use in administering a nucleie soid such as
In sene instances 1t is desirable {preferably) to have one or more of hetere atoms
present on the substituent on the aitrogen of polyamine
in some embodiments, g proparation comprises a compound of formula D ora

pharmacsutivally acceptable salt thereof,

R, X2 Ix® R
N g;g N
rREOTYLR
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£

n

e
911

i

formula (I}
wt <
cach X and X7, for cach occurrence, is independently Cuqalloylene; nis 0,1, 2,3, 4, ar
5; each R 18 independently H,
G S o0

s AR R E R B N R o R
ey R ¢ e o -~ ! -,/‘ - \‘ Ea - 3 \;Sh TN g
Sy Py Py SOLTYTT RSy

Ry Ry Re Ry R

wherein at least n + 2 of the R modeties in at least about 80% of the molecules of the
compound of formnuda ) intho preparstion are net Hy mis 1, 2,3 v 4, Y s O, KR, or
8; RY ix alkyl alkenyt or alkynyl; cach of which is optionally substituted: and RY i H,
alkyl alkeny! or alkvayd; each of which is optionally substituted; provided that, if n=10,
than gt least i+ 3 of the K moieties ate not H.

As noted above, the preparation includes molecules contaiming symmetrical as
well as asymmetrical polyamine derivatives. Accordingly, X° is independent for each
occurrence and X is independent of X2, For example, where n is 2, X% can sither be the
same for esch pecurrence or can be different for sach oceurrence or can be the samwe for
sonie occirrences and different for one or more other oveurrences. X is independent of
X regardiass of the number of occurrences of X* in each polyamine derivative, X', for
gach oecurrence and independent of X%, can be methylene, ethylene, propylen

butviens, pentylene, or hexylene, Exemplary polyamine derivatives include those

r.-,—/.

polvamines derived from N N (ethane-1 2-divlidiethane-1,2-diamine, ethane-
diamine, propane-1,3-diamine, spermine, spermidine, putvecine, and N2
Aminosthyvib-propane-1 3-diamine. Preforred polyamine derivatives includs propane-

1 3-diamine and NN ~{ ethane-1,2-diylidicthane-1,2-diamine,

The polyamine of formulda {I) is substituted with at least o2 R moieties that are
not H. In general, cach non-hvdrogen R molety includes an alkod, atkenyl, or alloynyt
moiety, which is optionally substituted with one or more substituents, stached to a
nitrogen of the polvamine derivative via a laker. Suitable linkers include amides,
esters, thivesters, sulfones, sulfoxides, cthers, amines, and thicethers, Inm
instances, the linker molety is boond to the nitrogen of the pelyamine vis un aikyis;‘;e

molety {g.g., methylens, ethylene, propylene, or butylene). For example, an amide or
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ester Huker i3 attached to the nitrogen of the polvamine through & methyvlens or sthylene

moiely.

Hxamples of preferred smine substituents are provided befow:

8 {3 { (4.3
3 3 It 3 X ¥
1 3 : } H
AL

H

o - . i R i 3
- "'i; o “.%:.a\\a_‘_f*‘\ {} - Rj o N and *}?‘w/_ia\ o R
3 R, § [

In instances where the amine is bound to the lnker-R' portion via an ethylene group, a

1.4 contugated precursor acrviate or acrylamide can be reacted with the polyamiue to

provide the substituted polyamine. In instances where the amine is bound to the Hnker-

&' portion via 2 methyiene group, an amide or ester including an alphs-halo substitvent,
such as an alpha-chioro moiety, can be reacted with the polyanune to provide the
substituted polyamine. In preferred embodiments, R*is HL

R moleties that are not H, all require an R' moiety as provided above. In

peneral, the R’ molety s a long chain moiety, such as Ca-Cyp allovl, Ce-Cyo alkernyd, or

in same preferred embodiments, R' is an alkyl mojety. For example R’ is Cige

i allovl, sush as G alkyl. Examples of especially preferred R moleties are provided

below,
£
9 . o
by . {5 :v\ 13- . i . e
Fon AN ORI O g L (OHp)CHs
R"‘ TR

The preparations including & compound of formuly (1) can be mixtures of a
vlurality of compounds of formuda {{). For example, the preparation can inclade a
mixture of compounds of formula (1) having varving degrees of substitution on the
polyamine moiety. However, the proparations described herein are selected such that at
feast n+ 2 of the R molcties in al least abount 80% {ev £.. &t feast about 85%, at least
about $0%, at least about 85%, af least about 97%, at least about 98%, al least about
Qo or substantially all) of the molecules of the wmpumd of formula (I} e the
preparation are not Hu

In some embodiments, a preparation includes a polyamine moisty having two
amino groups whereln in af least 80% (e.g., at least about R3%4, af least about 90%, at

Tenst about 8594, at least ahout 97%, at Teast abouot 98%, at least about 9%, or
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substantiaily all} of the molecules of formula (1) in the mixture are substituted with theee

K moteties that are not H. Exemplary compounds of formuda (8} are provided below.

R, o~ ;::E N N o
W ?:3¢ \ - \R ﬁ ﬂ !3 i?j: §
R R

in some prefened embodiments R
a
w1l

SR i R N 1

' R, LA LO"R
ﬁ &

fn some prefarred embodiments, R isCo-Cis alkyl, or Cpp-Cae alkenyl,
In some embodiments, 2 preparation includes a polyamine moiety having thres
or fowr {o.g., four) amino groups wherein at least 142 of the R moieties in st least sbout
8% gcg &l least about §5%, at least about 0%, at least about 55%, at least about
0 7%, ai least gbout 9894, at least about 99%, or substantially all) of the molecoles of
formula () are not H. Exemplary compounnds of fornmada (1) having 4 amine moieties
are provided below.

Examples of polyamine moiety where all (e, 4} R modeties are not H are

R R

H ¥
4

ﬁfx \,V‘,x"\\ N ,/""\»\ - M S N N - R

¥
15 R R

2

in sowe preforred embodiments R ix

In some preferred embodiments, R isC 1-Crg alkyl feg, Cga alkely, or oG

atkenyl.
&g Examples of polvamine moieties where five (i.o., n+3) R moteties are not H are
provided below:
R
R Ty and R"N

N N~ e R
i i }
R R 33

in some preforred embodiments R ig
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Y,
v

g I !
g S § oF :2:;“\\ J/'L\, o R1
2

Ly

1 %

o s 1 L i ~ ~ Y . E »
In some preferred embodiments, R i8Co-Cig alkyl {ap., Ty alkyl), or Cipelyg
alkenyl
Hxamples of polyamine moieties where four (e, n+2) R moieties are not H are

provided below:

R
\ - N e N N N N NN N 4
7 R H b

H H ! ]
Q,;g\;\vf—"“‘\ﬁ.‘-"\\,,g\‘x\,f\, ..R ,N\V,‘-‘\N,-"\V,N\,f’\\i :,‘R
Y q o ]

y «
] ® H :

HoN oy N R
i ¥

R R

ang

in somp preforred embodiments R i

aan i:}

S

My _,'\ o, ‘“’1 i Ey
EANS L PN G-t
Rg. k3 o

in some preferred embodiments, RUisCiCus alleyl {e.g., Cip alkydd, or Cp-Cag
atkenvl,
in seine preferced embodiments, the polyamine is g compound of isomer {1} or

{2} below, preferably a compound of isomer (1)

H ¢
~ e S SNEIPL VR G Qoo TR N N L Ny
I W e Rl o) e W W T
¥ i
§ {
N, /"
- ~, ¢
b ! i &
., i L i A - - .
NN VJA.«,\!/\_\',»\N ,,,ii\v*,:xw‘f\% SN "’f\N s AN \T\/ P N e
ty ?
H A Q
r
AN T TN T ‘\f"'\NJ%C,
H worner {1}

R N I I # \,\s:;{}
}
}

L,

ha

o ;

H H

#§ 5 i i s -
P N N TP o 4 A b SN ?“‘x\/ T N A A w’\\if’ N R T S N
3 ] i

.
3 {
e - ©

i
e Nt T TN T P g “‘**Q s T i Ve g W

H somer {23



WO 2008/042973 PCT/US2007/080331

In some entbodiments, the preparation inchuding g componnd of formula ()
meludes & mixture of molecules having formula (1), For example, the nuxture can
include molecules having the same polyvamine core but differing R substituents, such as
differing degroes of R substituents that are not H.

5 tn sowme embodiments, a preparation deseribed herein includes a compound of
formula {1} having a single polyamine core wherein cach R of the polyvamine core is

gither R or a single moiety such as

L%

et
~ AR G .
Mo g OF Gl AL
5:%2 1?:, S \,0

The preparation, therefore includes a mixture of molecules having fornaula (1), wherein

ol

the mizture is comprised of either polyamine compounds of formula {1} having a varied

mnber of B moicties that are H andfor 8 polysmine compowids of fonmala (1) having 8
single determined number of B moietics that are net H where the compounds of formmia
{1} are structural isomers of the polyanine, such as the structural isomers provided
above,

18 in seme proferred embodiments the preparation inclindes molecuies of formula

1) such that at least SO% {o.g., at least about 85%%, at least about 50%, at least about

o,

,»

G8%, at losst about 87%, at least about D8Y,, at least about 99%, or substantially all}
the molpcules wre g single structural isomer
In some embodiments, the preparation melodes & nuxture of two or more
30 compounds of formula (1), In some entbodiments, the preparation is & nuxture of
structural isomers of the same chemical formula, In some embodiments, the preparation
is & mixture of compounds of formula (I} where the compounds vary in the chemiceal
nature of the R substituents. For example, the preparation ean inchade a mixtare of the

following sorapounds:

z
3
53

=

Ry

=

=
A
¢

pc

™
&3

'

formata {3

) . v, N e e . LA Y
wherein n is O and cach R is independently Hor @ and
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H

HELXE
X
N "Ny

.:n

s
bY)
Z

;,»»»,”'s»””’””!

formulg ()

whereln 133 2 and cach R is independently Hor M
In some embodiments, the compound of formuds (1} is in the form of a salt, such

g% 2 pharmaceutically acceptable salt. A salt, for example, can be formed between an

wion and & positively charged substituent {e.g., amino} on a compound described
herein. Suitable anions inchude flucride, chloride, bromide, fodide, sulfate, bisulfaw,
nitrate, phosphate, citrate, methanesulfonate, trifluoroacetate, acetate, fumarate, oleate,
valerate, maleate, oxalale, isonicotinate, lactale, salicylale, tarirate, tannate,
pantothenate, bitartrate, ascorbate, suecinate, gentisinate, ghuconate, ghucaronate,
sgecharate, formate, bensoate, glulamate, cthanesulfonate, benzencsulfonate, p-
toluensulfonate, and pamoate. In some preferred embodiments, the compound of

formala (1) is 2 hvdrohalide salt, such as a hydrochloride salt.

,.

Compoonds of formula (1) can also be present in the form of hydrates {.g,,

{H2O)) and solvates, which are included herewith in the disclosure,

Bigcleavable cationic liplds

Applicants have discovered that certain cationie Hipids that include one oy more
bincleavable moteties can be used as 2 component in an association complex, such as &
liposome, for the delivery of nucieic acid therapies {e.g., dsRNA). For exanple,
disclosed herein are cationic lipids that ave subject fo cleavage in vive, for example, via
an enzyime sach as an esterase, an amidase, or a disulfide cleaving enzyme, In some
instances, the Hpid is cleaved chemically, for example by hiydrolysis olan and tabile
tnotety such as an acetal or ketal, In some embodiments, the lipid includes a moiety that
is hvdrobvzed in vitro and then subject to enzymatic cleavage by one or more of an
ssterase, anidase, or a disulfide cleaving enzyme. This can happen in vesicular
compartnsats of the cell such as endosomes, Another acid sensitive cleavable Hinkage is
§"3~i‘himpm_};3if_matt: finkage which is cleaved in the acidic environment of endosomes

Cfeone et al. Bloconjugate chem. 2003, 4, 1436}
& ¥ Jug
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o

In some embodiments, the invention features a compound of formula {Xjor s

pharmacenticaily aceeptable salt thereof, wherein
Rﬁ ,J g 4
St ety 2R
) Ya

B Ll .
o R

formula {X}
& wherein
RY and R® are each independently H, Cy-Cy alked, 1, optionally substituted with 1-4

R, 0Oy alkenyd, optionally substitnted with 1-4 B, or CONRMNE

%

~

27 and R? are cach independently alkyl, alkenyl, alkynly, each of which is
optionally substifuted with fluoro, chlore, bromo, or iodo;
e LY and L7 are cach independently ~NROC(Q)-, -CLOINR, -O0(0)-, ~C{HO-, ~
8-8-, “NEOHCIOINRY-, ~-OCOINRY)-, NERHCIOI0-, -D-N=0-, OR ~OC{OWH: or
LLR® and L3R can be taken together to form an acetal or & ketal;
R is fluors, chlore, bromo, fodo, ~OR7, -N(R*IR®, -ON, SR, s{oir’®,
S{{s}zﬁ*“
5 R 4s H, C-Cy alkyd,
RisHor Ci-Cy alkyl;
sach R and R® are independently H or C-C alkyh:

R is Hoor Cp-Cy alkyl;

muw L2, 3,45 oré;
30 oG L334 5oy

and pharmacentieally acceptable salts thereof.

n some embodiments, R’ is H, a lower alkyl, such as methyl, ethyl, propyl, or

yrrn

isopropyl, or a substituted alkyd, such as 2-hydroxyethyl.
in some embodiments, R is H or a lower alkyl, such as methyl, ethyl, propyl, or
5 1sopropyl
in some embodiments, R’ or R form a quanadine moiety with the nitrogen of
Formala (X3,
LR and LP-RY or the combination thereof provide at Jeast one moiety that is
cleaved In vive., In some embodiments, both LR and L5R* are bincicavable. For
26 exampie, both LR and LR are independently subject to enzymatic cleavage {£.8.,
by an esterase, anvidase, or a disulfide cleaving enzyme). In some exnbodiments, both

50



WO 2008/042973 PCT/US2007/080331

L and L are the same chemical motety such as an ester, amide or disulfide. In other

instances, L Yand 1P are different, for example, one of LY or L is an ester an the other of

in some embodiments, L'R? and L2R* together form an acetal or ketal modety,
5 which is hiydrolyzed in vivo,
in some embodiments, one of LR or LAR® s subject to enzymatis cleavage.
For example, one of LR or R is cleaved in vivo, providing a free hydroxyd moiety
or free amine on the Hpld, which becomes avatlable to chenideally roget with the

2

remaining LR or LR moiety. Exemplary embodiments are provided below:

P
SUN s ML i O
H { 3 =3 « &t A el
NCT L N N S P 5 \\ el b 0 i
®E > R I\ NN g N
i . R e "g‘é 28 Mo
O RICO}- o
Xo= G or NH G
¥ =G oor NH
vp{( b
4 v
R XTT¢ N Y
? e RY X780
SN A SR P\
2 e N A e e
- RIC{O} R
K= or NH
‘0 ¥ o= O oy N
In some preforred embodiments, g carbamate or urea molety is ncluded tn combination
with an anvide, ester or disulfide moiety. For example, the lipid includes an estey
merety, which upon cleavage {e.¢., enzymatic cleavage) becomes available to
16 chemically react with the carbamate or urea moiety. Some preforred combinations of L

and L7 inclade two amides, two esters, an amide and an ester, two disalfides, an amide
and a diselfide, an ester and a disulfide, 2 carbamate and a disulfide, and s weaand a
disulfide. Excmplary compounds are provided below:

Amide and ester Hnkages with Z configuration (two donble bonds)

L3
Temimh
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Ri=H Ma E M, pmmi ?SU;}TGp)l or 2-hydroxystnd snd R=H; i= 110 6, mo= g aw 40
T m= s 1

Ri=H, §a2 M, propyl, isopropyl orz hydroxyethd and R = Me; = 1108, m=- . <18
Ri=H, Ma, & “‘*Gp\,'i ,scpm,»y or 2-hydroxyethy snd R = B Em’f 08, m= 18 a=110

R'= H, Me, B propy, | sa;amw or 2-hydroxyetiyd ang R' = propyl = 1108, v = 18, s 140
R'=H, Me, * pmpvi, sopropyl o Q«hydmxya”‘t and R =isopropyt 1= 1 o S m= 4.8, n= 110

R'=H, Me, &, propyl, isopropyt or -hydroxyethwl angd R =H {= T10 8§, m= 18, re = 11

{ . 3
R'= M, Me, Et, profyi, isopropy! or 2-hydroxyethyl and R™ = Me, i = ‘i @b, m=t8 n= -1
R = H, Me, B, propyl, sepropy! or S-hydroxyeihyl and R = Et f=tiaf m= 18 n= 118
R'= H e, £, propyl, isepropyt or S-hydroxyethy! and R™ = propyd $= g m=18 0110
R = H, Me, &, propyl, sopropyd or Shydroxyethy! and R” = isopy epvi = 1308, m= 38 n= 18

2
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Amides and oster Enkages with E configuration (two double bonds)
Y . a\} \ F 5

Gt\w"‘f\{"%j S y ;x:::;/‘{: ™ G\\.?, "\&,w" R “}\

H ¥ s KX , M AR,

R) ﬁ'} bR < v : ‘nﬂg i

S 0 e A

P e obd g b e it - o - N o "‘(r.,.*\ — N o T
RO T e A VAR v gt
= A  Um & m ’

R = M, Me, Bt progyd

H o
[

" e

[

isopropyt of }}i‘y drovyethyland B* = H i= 1 {08 m= 18 n
1106

R = H Me, Bt propyl, isopropyt or 2-hydraxyethyt and B = Me; } 3 -1

R = H, Me, Bt propyl, iscpropyl or 2-hydroxyethyiand R* = Ef 1= 1 1 5 248w 1l

R = H, Me, Et, progd, isopropyt or 2~hydrcwethy- st R™=propyl i= 1o t‘* m 3-8, n= i
?i Me, BL progyl, isopropyl or 2-hydroxyethy and RY = isopropyl = 10 6, m= 1.8, n= 110
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Amides and sster Unkages with B configurstion {three double bonds)
aY o
AN O

f-\%' ‘.j Y'm \ i\"} =3 & ;m \“-__E“
R T E VN SNy FI P : NS LA LN i )
F T AT T R N Prae N f . SR S g /-\\{v o o PR s I
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‘ o " Y ‘ & m Vi

Bonon o on

4 vl isopropyt or Shpdrovpethvland P =Hii = 1o, m= 18 n» 10
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ysulfide Hokages with unsaturated alkoyl chaing, B and Z configuration
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Amide snd disulfide linkages with saturated and unsaturated alkyl chains
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R =M, Ma, B propyl, isopropyl or 2hydronyelhyl and R = Me = 1o m= 48 n= 10

R = 4, Me, = prapwi isopropyt or 2hydrowyethyl and RV =B is1 08 m = 18 = 110

R'= H, Me, EL propyl, aopmp}i ¢ Z-hydroxyetiyl and R = progyl =1 o @ m = ‘:si% R Bt
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Bster and disuifide hnkag
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s with saturated and unsaturated alkyl chains
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Carbamate or urea and disulfide linkages with alky! chains
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Carbamate or urea and disullide hinkages with unsatorated alkyl chains
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{arbamate or ares and disulfide linkages with unsaturated atky! chains
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Carbamate and urea lukages with unsaturated alky! chains
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in some exnbodiments, the Bpid ncludes an oxime or hydrazone, which can

s aeidic cleavage.

%)
ot

underag

R and R are generally long chain hydrophobic moieties, such as slkyl, alkenyl,
or alioynyl, Insome embodiments, R or R are substituted with a balo motety, for
example, to provide a perflvorcatky! or perfluorcalkenyl moiety, Bachof R and B are
idependent of each other. In some embediments, both of R and R are the same. In
some enbodiments, R and RY are different.

In some ebodiments R andfor R* are alkyl. For example one or both of U
andior R are O to Cig alkyl, e £ Cra 10 Cag alloyl, Cyp to Cop alkyl, or Ty alioyl,

I some embodiments, R andfor RY are alkenyl. tn some preferved
embodiments, RS andior R include 2 or 3 double bonds. For example R andfor R
includes 2 double honds or RY and/or R inclodes 3 double bonds, The double bonds can
cach independently bave a Z or E configuration. Exemplary slkenyl moetios are
provided below:
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wherein X 18 an integer from 1 to 8; and yis an integer from =10, In some preferred

smhmiimcm& R and/or RY are Og to Csg alkenyl, e.g., Cyg to Oy alkenyl, G to Cn
) atkenyl, or Oy alkenyl, for example having two dz:su%ic honds, such ag bwo douhle honds

x

with & cmnﬁgm&timﬁz. R andior RY can be the same or different. In some preferred
gmbodimaents, R and R? are the same.

fn some embodiments, R andfor R® ave alkvoyl, For example O 1o Ou alkynyl,
2.3, Cip 10 Cog atkynyd, Gy 1o Gy alkynyl R andfor R can have from 1 803 3 wiple

G honds, for example, one, two, or three triple bonds.

in some embodiments, the compound of formula (X) 15 1 the form of a sali,
such as a pharaceutically acceptable salt. A salt, for example, can be Drmed between
an andon amd 8 pesitively charged substituent (e.g., amine} on a compound described
hereln. Suitable anions inclade fluoride, chioride, bromide, wodide, sulfate, bisulfate,

nitrate, phosphate, citrate, methaneselfonate, triflucroacetate, acetate, fumarate, oleate,

i

valerats, maleate, oxalate, sonicotinate, lactate, salicyvlate, tartrate, tannate,
pantothenate, bitartrate, ascorbate, succinate, gentisinate, ghuconate, ghucaronale,
saccharate, formate, benzoate, glutamate, ethanesutfonate, benzencsulionate, p-
iiu}nemsu}ﬁmm@? and pamoate. In some preferred embodiments, the compound of
30 formula (XY is 2 hvdrohalide salt, such as a hydrochloride salt
Smnpmmds. of formula {X) can also be present in the form of hydrates (e g..

{H20)) and solvates, which are included herewith in the disclosure,
PEG-Hpid compounds

Applivants have discovered that cerfain PEG containing Hpid moteties provide
desirable propertics for administration of a nucleie acid agent such as single stranded or
double siranded nucleic acid, for example siRNA. For example, when a PEG
comtaining Hpid, such as a lipid described herein, is formulated into an assoeiation

30 compiex with g nuclelc acid moiety, such as SIRNA and administered 0 a subjoct, the
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Hpid provides enhanced delivery of the nucleic acid moiety. This enhanced delivery can
be determined, for example, by evaluation in a gene silencing assay sueh as silencing of
FVIL In particular, Applicants have discovered the PEG-lipids of formula XV} ear
have desirable properties for the delivery of sIRNA, including tmproved bloavaiiability,
diodegradability, and tolerability.

In some crnbodiment, the PEG s attached via g linker moisty to a structure
mcluding two hydrophobic molelies, such ag a long chanin aikyl meoijety., Examplary
PEG-lipids are provided above, for example, those encompassed by formla (X},

{XV"), and {XV1). In some preforred embodiments, the PEG-lipid has the stracture

balow:
C)
f‘/.A\”\f (N\’\—,wf‘f ,,"f'\;\'\‘,“‘ f’\\'\,a“’ A\VM'A '\ 0}"’ *'\ ,-”"\‘ 6.-"". S g(‘" \ {}\i& ‘\'\ o {'}
' i
N O 1

e T N e \\‘;"f\\,v‘f . X‘ihﬁr S
the preferred sfercochemistry of the chiral center is 'R’ and the repeating PEG moiety
has a tolal average molecular weight of about 2000 dalions.

in some embodiments, a PEG lpid described herein is conjugated o & targeling

OH
DH
L“zwc: 4
HOX 70
moiely, 8.1, a glycosyl molety suchasa  Ack N . In some embodiments, the

fargeting moisty is attached to the PEG lipid through a linker, for example a linker
doscribed horein. Fxemplary targeted PEG Hpid compounds are compounds of formla
(XD, (KXY, EXXD, and (XX deseribed herein. Methods of making such hpids
are desoribed, for °zxampie, i Examp«ies 42 and 43,

Qr&gnmﬁems

The compounds described herein can be obtained from commercial sources (0.8,
Asinex, Moscow, Russia; Bionet, Camelford, England; ChemDiv, Sanlhege, CA;
Comgenex, Budapest, Hungary; Enamine, Kiev, Ukraine; IF Lab, Ukraine;
Interbioscreen, Moscow, Russia; Maybridge, Tintagel, UK Specs, The Netherlands;

Timtes, Newark, DE; Vitas-M Lab, Moscow, Russia) or synthesized by conventional

methads as shown below using commercially available starting materials and reagents.

&3
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Methods of making polvamine lipids
In some embodiments, a compound of formula (1} can be made by rescting a

polyamine of formula (II1} ss provided below

formuls {11
wherein X5, X", and n ave defined as above
with a 1,4 conjugated system of formuda (IV)
Q

f 1
i\\\"x‘..f/t\‘ Y - R

formula {1V}
wherein ¥ and R’ are defined as above
to provide a compound of formala (1),

in some embodiments, the compounds of formula (1} and (IV} are reacted
together neat (Le., froe of solvent). For example, the compounds of formula (11 and
{1V} are reacted together neat at elevated tempersture (e.g., at teast about 68 °C, at teast
abvout 55 °C, at Ieast about 70 °C, at least about 75 °C, at least about 80 °C, at least
about 85 *C, or at least about 90 °C), preferably at about 90 °C.

i sorne embodiments, the compounds of formuta (111} and (IV} ave reacted
together with a solvent {e.g., a polar aprotic solvent such as acetoririle or DMEY For
example, the sompounds of formula (1) and (IV) are reacted together in solvent at an
clevated temperature o about 50 °C to about 120 °C,

In some embodiments, the compounds of formuda (1) and {1V} are reacted
together in the presence of a radical quencher or scavenger (e.g., hydroquinone}. Th
reaction vonditions including a radical quencher can be neat or in a solvent e g, a polay
apretic solvent such as acetonitrile or DME. The reaction can be at an elevated
temperature (2., neat at an elevated temperature such as 90 °C or with solvent af an
slevated temperature such as from about 50 °C to about 120 °C). The term “radical
guencher” or “radical scavenger” as used herein refers to a chemical motety thal can

absord free radicals in a reaction mixtare. Examples of radical guenchers/scavengers

£2
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include hydroquinone, ascorbic acid, cresols, thiamine, 3,53-Di-ert-butyl-4-
hydroxvioluene, tert-Butyvl-d-hvdroxyamsole and thiol contatung moteties,
i seame smbodiments, the compounds of formula (I} and (V) are reacted
together it the presencs: of a reaction promoter (e.g., water or 3 Michas! addition
5 promoter such as acetic acid, boric acid, citric acid, benzoie aoid, tosic acid,
pentaflucrophenot, picrie acid aromatic acids, salts such as bivarbonate, bisulphate,

5

mone and di-hydrogen phophates, phenols, perhalophenols, ritrophenols, sulphonie
acids, PTTS, ete.), preferably borfe acid such as a saturated agueous boric acid. The
veaction conditions including a reaction promeoter ean be nest ot in & solvent ¢.g., & polar

10 aprotic solvent such as acetonitrile or DMF. The reaction can be at an elevated
temperature (2.8, neat at an elevated temperature such as 90 “C or with solvent al an
clevated texnperature such as from about 56 °C tw about 120 °C). The term “reaction

promoter” s used herein refers to a chemical motety that, when used m a reaction

mixtore, acoclerates/enhances the rate of reaction.

15 The ratio of compounds of formula (10} to formula (IV) can be varied, providing
variability in the substitution on the polyamine of formula (1), In general, polywmines
having at least about 50% of the hvdrogen maodeties subsiituted with g non-hydrogen

R

moiety ave preferred. Accordingly, ratios of compeounds of formula (HiyTorowla (1V)

’,,,a

ted to provide for products having a relatively high degree of substitution ol the

o]

ro sela
K free amine {e.g., at least about 50%, al least about 353%, at least about 60%, at least
ahot 63%, at loast abowt T0%, at least about 75%, at least gbout 80%, at least about
§59%, at least about 0%, at least about 95%, at least about 97%, at least about Y%, or
substantially 81}, In some preferred cbodiments n is 0 in the polyamine of formula
{111}, and the ratio of compounds of formula (111 to compounds of formula IV} is from
o5 abesut 1:3 1o about 1,5, preferable about 14, In some preferred embodiments, nis 21
the polyanine of formala (110}, and the ratio of compound of formula (1} to compounds
of formula {1V) is from about 1:3 to about 1,6, preferably about 1.5
in sone embodiments, the compounds of Tormula (1} and formuls {1V} are
reacted i two stop process. For example, the first step process wmeludes a veaction
30 mixtore having from zbout 0.8 about 1.2 molar eguivalents of a compound of formula

{11}, with from about 3.8 to about 4.2 melar equivalents of & compound of formuda (IV})
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and the second step process includes addition of about 0.8 to 1.2 molar squivalent of
compound of formuda (IV) to the reaction mixture,

Upon completion of the reaction, one or more products having formaia {I) can be
tsolated from the reaction mixture, For example, & coropound of formula {1} canbe
solated ag g single product {e.g., a single structural isomer) or as 8 mixture of product
{e.g., & ploraliiy of structoral isomers andfor a plurality of compounds of formula {1}
In some embodiments, one or more reaction products can be isolated and/or purified
using chromatography, such as Hash chromatography, gravity chromatography {e.8.,
gravity separation of isomers using silica gel), column chromatography {e.2., nomal
phase HPLC or RPHPLO), or moving bed chromatography. In some embodiments, a
reaction product is purified to provide a preparation containing at least about 80% of a
single compound, such as a single structurs] isomer (e.g., at least sbout £3%, at least
ahout 00%, at least about 95%, atf least about 97%, at least about 99%:;.

2

in some embodiments, ¢ free amine product is treated with an aoid such g HOY
10 prove an aming salf of the product {¢.g., a hyvdrochloride salth., In some embodiments
a salt product provides improved properties, e.g., for handling and/or storage, relative to

the corresponding free amine product, n some embodiments, & salt product can prevent

or reduce the rate of formation of breakdown product such as N-oxide or N-carbonate
formation relative o the corresponding free amine. In some embodiments, a salt
praduct can have lnaproved properties foruseina thergpeutic formulation relative o the
porcesponding free amine,

in somne embodiments, the reaction mixture is further treated, for example, o
purify one or more products or to remove impurities such as unreacted starting
materials. lo some embodiments the reaction mixtore is treated with an mmodilized
{.1z., potymer bound) thiol mofety, which can trap unreacted serylamide. In some
embodiments, an isolated product can be treated to further remove impurities, e.g., sn
isolated product can be treated with an immobilized thiol moiety, trapping wireacted
acrylamide compounds.

in some embodiments a reaction product can be treated with an immobihized
(.2, polvmer bound) isotdocyanate. For example, a regction prodact including testiary
sinines can be treated with an immobilized isothiocyanate fo remove prirnary andfor

sgeondary amines from the product.

&5
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In some cmbodiments, 2 compound of formula (1) can bo made by reacting &

polyamine of formuda (IIf) as provided below

“NHa

formula (31}
PR TS =% ~
wherein X7, X, and 1 are defined as above

with & compound of formula (VI),

formuda (VD)
wherein Qis T}, Br,or §, and Y and R are as defined above.

in somne embodiments, the compound of formula (11} and formulda (V1) are
reacted together neat. In some embodiments, the compound of formula (IH} and
formuda (VI are reacted together in the presence of one or more selvents, for example 2
polar aprotic solvent such as acetonitrile or DMFE. In some embodiments, the reactants
{formula (1) and formuda (V1)) are reacted together at elevated temperatige {e.g, &t
feast ahout 30 °C, at least abowt 60 °C, at least sbout 70 *C, at least about 80 °C, at least
about 80 °C, at least abowt 100 °C),

In some entbodiments, the reaction mixture also includes a base, for cxample a
carbonate such as KaCOs,

in some embodiments, the reaction mixture also ncludes a catalyst.

in some ermbodiments, the compound of formula (V1) is prepared by reacting an
amine medety with an activated aeld such as an acid anhydrate or actd halide {e.g., acid
chloride} to provide a compound of formula (V).

The ratio of compounds of formula (11} to formula (V1) can be varied, providing
variahility in the substitution on the polyantne of formula (11}, In general, polyamines
having at Jeast about 50% of the hydrogen moietivs substituted with a non-hydrogen
moiety wre proferred. Accordingly, ratios of compounds of formula () formuls (Vi}

are selected o provide for products having a relatively high degree of substitution of the

&7
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froe amine fe.g., at feast about 50%, at least about 35%, af feast about 60%, at least
ghout 63%, at least about 70%, at least ghout 73%, af least about 30%, at least sbout

gast about 95%, at least about 97%, at least about §9%5, or
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substantiallv all}, Insome pmfew{t{i embodiments 1 is § in the polyanine of formula
{180}, and the ratio of compounds of formula (I} to compounds of formula {X-"E} is from
gbout 133 to about 15, preferable about 114, In some preferred embodiments, nis 2 in
the polyanune of formula {EH and the ratic of compound of formala (111} to compounds
of formula {¥1} is from about 123 to about 1:6, preferably about 115

In some embodiments, the compounds of formula (1) snd foramds (VI are
reacted in o two step process. For example, the first step process includes a reaction
mixture having o shout 0.8 about 1.2 molar eqoivalents of a compound of formuda
(1IN, with from about 3.8 to abowt 4.2 molar equivalents of a conpoend of formula (V)
and the second step process inclodes addition of about 0.8 to 1.2 moler squivalent of
compound of fermula (V) o the reaction mixture.

In some embodiments, one or nwre amine moteties of formula {E are
seleatively protected using a protecting group prior to reacting the polyamine of formula
i)y witha wmpemi\i of formula (V) or {V1), thereby providing tmproved selectivity in
the syndhesis of the final product. For example, nne or more primary amines of the
polvamine of formula (1) can be protected prior to reaction with & compoy md of
formula {1V) or (VD) providing selectivity for the compound of formals IV or (Vi) o
react with secondary anines. Other protecting group strategies can be employed
srovide for selevtivity towards primary amines, for example, use of orthogonal
profecting gronps that can be selectively removed.

Upon aompie tion of the reaction, one or more products having formula (1} can he

isolated from the reaction mixture. For example, a compound of formulda (1) can be

53

isolated as 2 single product {e.g., a single structural isomer} or as a mixture of produet
(.., 2 plurslity of sirgctural isomers and/or a plurality of compounds of formula {1
In sume ewnbodiments, on or mere reaction products can be isolated andfor purified
nsing clwomatography, such as flash chromatography, gravity chromatography (6.6,
gravity separation of isomers using silica get), column chromatography (2.8, noomal

chase HPLO or RPHPELC), or moving bed chromatography. In some embodiments, a

reaction product is purified to provide a preparation containing at least about 80% ofa

68
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single compound, such as a single structural isomer {e.g., at least about 85%6, at leagt
about 80%, ot feast gboet 85%, at least about 9?%, at least about 99%).
Tt some embodiments, & free amine product is treated with an actd such ag HCE

to prove an amine salt of the product {e.g., 8 hydrochloride salfl. In some embodunents
a salt produet provides Improved properties, e.g., for handling sndfor storage, relative to
the corresponding free mmine product. In some embodiments, & salt product can prevent
or reduce the rate of furmation of breakdown product such as N-oxide or N-carhonale
formation relative to the corresponding free amine. In some embodiments, a salt
product can have improved properties for use in a therapeutic formulation relative to the
corresponding free amine.

In some embodiments, a polyamine cationic lipid can be made 1 asing a

sioselective svathesis approach. The regioselective synthetic approach provides a

conveniens way to make site spectfic alkylation on nitrogen{s} of the polyamine
hackbone that leads 1o synthesis of specific alkylated derivatives of interest. In general
a compound of formula () is mitally reacted with a reagent that seleciively reacts with
primary amines of terminal amines to block them from reacting or interfering with
further reactions and these blockages conld be selectively ramoved st apprapriate stages
during the synthesis of 8 target compound. After blocking torminal amines of'a
compound of formula (1), one or more of the secondary amines vould be selectively
blocked with an orthogonal amine protecting groups by using appropriate molar ratios
of the reagent and reaction conditions. Selective alkylatons, followed by selective
deprotection of the blocked amines and forther alkylation of regenerated amines and
approprisie repetition of the sequence of reactions described provides specific
compound of interest, For example, terminal amines of tristhylenctetramine {1} is
selectively Blocked with primary amine specific protecting groups {£.8.,
sifhuorcacetamide) under appropriate reaction conditions and subseg mm,ﬁi_y reacted with
exeesy of orthegonal amine protecting reagent [{BoohQ, for e.g.}] o the presence ol s

<

base {for e.g., dlisopropylethylaming) to block all internal amines {e.g., Bog

~‘/

. Reloetive
removal of the terninal protecting group and subsequent alkylation of the terminal
amines, for instance with an acrvlamide provides a fully terminal amine alloylated
dertvative of compound 1. Deblocking of the internal amine protection and subseguent

alivlation with caloalated amount of an serylannide for instance yields & partially

of
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_‘-‘,‘smeﬁt product 7. Another approach o make compound 7 is {o react terminally

compound 1 with calenlated amount of an orthogonal amine protecting

H

>}

e
Iy 3

,....
t:u
Lo

reagent [{BochO, for e.g.)] to obtain a partially protected derivatives of mmgmuﬂd 18

E1 3

Removal of the terminal amnine protecting groups of partially and selectively protected 1
5 and subseguant alkviation of ¢ll unprotected amines with an acrvlamide, for instance,
yiekis compound 7 of interest.

£ oogd

Methods of making liptds having a blocleavalie molaty

in some embodiments, 2 compound of formula (X} can be made by reacling 8

compound of formmils

. 72 OH

31}

formuia (X1
15 shevein RY, B, and R” are as defined above.

n some sabodiments, the compounds of formulas (X1 and (XH) are reacied m
the presencs of a coupling agent such a8 a carbediimide {e.g., 8 water soluble
carhodiimide such ag EDCL

“her chemical reactions and starting materials can be employed to provide a
@ compound of formula (X baving two linking groups L) and LY For examyple, the
hydroxyl moeisties of formuda (X1 could be replaced with amine moieties {o provide g
precursoer 1 amide or urea Haking groups.

Upon completion of the reaction, one or more products baving formula (X3 can

%]

he isolated from the reaction mixtare. For example, & compound of formals {X) can be

35 janlated as a single product {e.g., a single structural isomer) or as & mixture of product

(.5, & plurality of structaral isomers and/or a plurality of vompa wieds of formula £XG).

sy &

<

In some embodinents, on or more reaction products can be isoluted andfor purifie
using chromasography, such as flash chromatography, gravity chromatography {e.g.,
Sravity :;c;mwtmn of isomers using sthica gel), colomn chromatography {e.g., normal

30 phase HPLC or RPHPLC), or moving bed chiromatography. In some ¢ eobodiments, a

T
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reaction product is purified to provide a preparation containing at least about 80% of 2

single compound, such as a single structural isomer (6.g. at least sbout §5%, al least

ahout 809, at least about 95%, at least about 97%, at least about 99%).
In some embodiments, 8 free amine product is treated with m actd such gs HOL
to prove an amine sali of the product {e.g, 8 hydrochlonde salt). In some embodiments
salt product provides improved properties, e.g., for handling and/or storage, relative o

the corvesponding free amine product. In some embodiments, & salt product an provent

or reduse the rate of formation of breskdown produst such as Neoxide or MNecarbonate

Y

formation relative 1o the corresponding free amine, In some embodiments, a sait
product can have improved properties for use in a therapeutic formudation refative to the
corresponding free amine.

Methods of ma;king PEG-ipids

moiety {8.g., 8 é:im}fristly} glyeeride, (ii_pai'zni,ty} gh ceride, of ‘Eis_-:icar}«i gi}cm&cﬁ with an
aotivating molety under appropriate conditions, for example, to provide an activated
intermedinte that could be subsequently reacted with a PEG component having o
reactive molety such as an amine or 2 hydroxyl group to obtain a PEG-lipid. For
example, a dalkylglveeride {e.g., dimyristy} glyceride} is inttially reacted with X&'
disuccinimidyl carbonate in the presence of a base (for e.g., triethylamine} and
subsequent seaction of the intermediate formed with a PEG-amine {3, maPEGZO00-
N} in the presence of base such as pyridine affords 2 PEG-lipid of interest, Under
thuee conditions the PEG comporent is attached to the Hpid moiety via ¢ carbamale
finkage. In another ingtance a PEG-lipid can be made, for example, by reacting «
glyecride motety (e.g, dimyristyl glyeeride, dipatmityl glyceride, distearyl glyceride,
dimyristoy! glyeeride, dipalmitoy! glveeride or distearoy! ghye ceride} with succhie
anhysiride and subsoquent activation of the carboxyl generated Rollowed by reaction of
the activated intermediate with 8 PEG component with an amine or a hydraxy! group,
for instancy, 1o obtain & PEG-lipid, In one example, dimyristyl glyceride i reacted with
suceinic anhvdride in the presence of @ base such as DMAP to obtain 8 hemi-succinate.
The free carboxyl moiety of the hemi-succinate thus ebtained is activated nsing standard

vating apents such as HBTU and diisopropylethylaming and sabsequent

ﬁﬁ

carbogel ac

reaction of the activated carboxyl with mPEHZ000-MH,, for instance, yields a PEG-

a3
o



WO 2008/042973 PCT/US2007/080331

N
b

tipid. In thiv approach the PEG component is linked to the lipid component via g

gocinaie D*}»A.gt.

Associagion somplexes

|51

The lipid compounds and lipid preparations described herein can beused as &
component in wn association complex, for example a Hiposome or a Hpoplex. Such
association complexes can be used to administer & nucleic acid based theragy such as an
RMA, for example a single stranded or double stranded RNA such as dsRNA.

The asseciation complexes disclosed herein can be uselal for packaging an

oligonucientide agent capable of modifving gene expression by targeting and binding to
a nucleic seid. An oliponucleotide agent can be single-stranded or double-siranded, and
can inclade, e.g., 3 dSRNA, aa pre-mRNA, an mRNA, 2 microRNA (0dRNA}, a mi-
RMNA precursor {pre-miRNA), plasmid or DNA, or to a protein. An oligenncleotide
agent festured in the invention can be, .2, a dsRNA, 2 microRNA, antisense RNA,

'8 antagomir, decoy RNA, IINA, plasmd and aptamer.

Association complexes can include a plurality of components. In some
smbodiments, an association complex such as a liposome can include an active
ingredient such as a nucleic acid therapeutic {such as an oligonucleotide agent, o.g.
dsRNAY, a cationic Hpid such as a Hpid deseribed herein. In some embodiments, the

3¢ association complex cap include a plurality of therapeutic agents, for example two or
three single or double stranded nucleie acld moicties targeting more than one geve oF
different regions of the smme gene. Other components can also be included in an
sssoctation complex, including a PEG-lipid such as a PEG-lipid described herein, ora
stroctural component, such as cholesterol. In some embodiments the association

38 complex also includes a fusogenic Hpid or component andfor & targeting molecnie,  In

some preferred envbodiments, the association complex is a Hposome including an

oligonuciectide agent such as dsRNA, a lipid described herein such as 8 compound of

forsuls (1 or (X3, a PEG-lipid such as a PEG-lipid described herein {e.g., a PEG-lipid

of formula (XV), and a structural component such as chalesterol.

30 Single Stranded rihonucletd acid

{3 g@s@ucimtﬁ&e agents include microRNAS (miRNAs) MicroRNAs are small

noncoding RNA molecules that are capable of cansing post-transcriptional silencing of

3
o
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specific genes in cells such as by the inhibition of franslation or through degradation of
the targeted mENA. An miRNA can be completely complementary or can have

region of noncomplementarity with 8 target nucleie acid, consequently resulting ina
“Hulge” at the reglon of non-complementarity, The region of noncomplementarity {h
buslge) can be flanked by reglons of sufficlent complementarity, preferably complete
plementacity to allow duplex formation. Preferably, the regions of complementarity
ave ut loast B & 10 nucleotides long {e.g., &, 9, or 10 nucleotides long). A miRNA can
inhibit gene expression by repressing translation, such ax when the microRNA s not

mm‘qﬁﬂiﬁi’v‘ coraplementary to the target nucleie acid, or by causing target RNA

o

fepradation, which is believed fo oceur only when the miRNA binds ity target with

&

3

perfect complementarity. The invention also can include double-stranded precursors of

miRNAs that may or may not form a bu 3€§ ¢ when bound to their targsts.

target an endogencus miRNA or pre-miRNA. The oligenucleotide agent foatured in the
invention can include naturally occurring nucleobases, sugars, and covalent
internuclenside (hackbone) linkages as well as oligonucieotides having non-ng suratly-
occurring portions that function similarly. Such modified or substituted
oligomuciontides are often preforred over native forms becavse of desirable properties
such s, for example, enhanced cellular uptake, enhanced affinity for the endogenou
miRNA twget, and/or increased stability in the presence of nucieases. An
oligonucleotide agent designed to bind to a specific endogenous miRNA has substantial

complementarity, e.g., at least 70, 80, 90, or 100% complementary, with al least 14, 28,
or 25 or move bases of the target miIRNA

mHRNA or pre-miRNA can be 18-100 nucleotides in length, snd more

prefosably from 18-80 nocleotides in length. Matore miRNAs can have 8 fength of 15+
30 nuslontides, prefierably 21-23 nucleotides, particularly 21, 22, 23, 24, or 25
nucleotides. MicroRNA precarsors can have a length of 70-100 nucleotides snd have g
hairpin conformation. MicroRNAs can be generaled in vive from pre-miRMAs by
enzymes called Dicer and Drosha that specifically process long pre-miRNA iso
functional miRMA. The microRNAs or precursor mi-RNAs featured in the mvention
can be synthesized i vive by a cell-based system or can be chemically synthesized.

4

MicroRNAs can be synthesized to include a modification that imparts & desired
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characteristic. For example, the modification can improve stability, hybridization
thermodynamics with a target nucleie acid, tavgeting to a particular tssue oy cell-type, ot
cell pormeatility, e.g., by an endocytosis-dependent or ~independent mechamsm,

Mudifications can also increase sequence specificity, and consequently decvease off-stie

'i

targeting, Meothads of synthests and chemical modifications are deseribed in greater

detail below,

(Given a sense strand sequence {e.g., the sequence of a sense strand of a cPNA

o)

molscnle), an miRNA van be designed according to the rules of Watson and Crick base

»

pairing. The miRNA can be complementary to 8 portion of an RN&, eg, amikNA, g
wre-miRNA, & pre-mBENA or an mRNA. For example, the miRNA can be
complementary o the coding region or noncading region of an mRNA or pre-mRNA,

. the region surrounding the translation start site of a pre-mRNA or mRNA, such as

the ©UTR. An miRNA oligonucleotide can be, for example, fom about {210 30

ncleotides in length, preferably about 13 to 28 nucleotides wn length (e, 18, 19, 18,

b

18, 20, 21, 22, 23, 24, or 25 nocleotides in lengihl.

X

In particular, an miRNA or 8 pre-miRNA featured in the Invention can have &

chenical modiSication on & nucleotide 1n an internal {{.¢., non-terminal} region having

noncomplementarity with the target nucleie actd.  For example, 2 modified nucleotide
can be incarporated into the region of a miRNA that forms o bulge. The modification
can include a lpand attached to the miRNA, e.g., by & Hoker {e.g., see diagrams QT+
through OTY below). The modification can, for example, impm‘sfe iﬁmrrn_acnkimtiss
or stability of a therapeutic miRNA, or improve hybridization properties {e.g.,
hybridization thermodynamics) of the miRNA to 4 target nucleie acid. In some
crbodiments, 18 is preferved that the orientation of 3 modification or ligand incorporated

inte or tethered to the bulge region of & miRNA is oricnted to cecupy the space in the

2

bulge region. For example, the rodification can inchude a modified base or sagar on the
ruclele ackd strand or a ligand that functions as an intercalator. These are §'§1‘:3ﬁ:§.‘ﬁb§}"
located In the bulge. The intercalator can be an eromatie, 2.g., a polyeyehic aromatic or
heterocvelic sromatic compound. A polyeyvelic intorcalator can have stacking

capsbitities, and can include systems with 2, 3, or 4 fused rings. The universal bases

described below can be incorporated into the miRNAs. In some embodiments, it s
refaeved that the orientation of a modification or ligand incorporated into or tethered to
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the bulge region of 2 miIRNA is oriented to occupy the space in the bulge region. This
orientation facilitates the improved hybridization properties or an otherwise desired
characteristio of the nuRNAL
I one embodiment, an pHRNA or a pre-miRNA can include an aminoglycoside

iigm wl, which can canse the miRNA to have inyproved hybridization properties of

inproved sequence specificity, Exemplary aminogiycosides inclade glyeosylated
polvlysine; gatactosylated polvlysine neomycin B; tobramyein; kanarnyein &; and
acridine conjugates of aminoglycosides, such as Neo-N-acriding, Neo-S-acviding, Neo-
Cleacridine, Tobra-N-acriding, and Kanad-N-geridine. Use of an acriding anslog can
increase sequence spectficity. For example, ncomyein B has ¢ high affinity for RNA us
compared to DINA, but low sequence-specificity. An acridine asalog, neo-S-acniding
Hias an ncreased affinity for the HIV Rev-response clement (RRE).  In some

embodiments the guanidine analog {the guanidinoglyeoside of an amdnoglycoside

<

o

the amine grogg

3

Hgand i3 tothered t an oligonueleotide agent. In a guanidinoglyeoside,
o the amine zeid i3 exchanged for a guanidine group. Attachment of 2 guanidine
analog can exhance cell permeability of an oligonucleotide agent.
in one evbodiment, the ligand can inclade a clesving group that contribates t
farget pone inhibition by cleavage of the target nucleic acid. Preferably, the cleaving
group is tethered to the miRNA o 2 manner such that it s positioned in the bulge
region, where it can access and cleave the target RNA. The cleaving group can be, for
exampls, s bicomycin {e.z, bleomycin-As bleomyein-Ag, or bleomyein-Ba}, pyre
phonsntivoline {e.g, C-phonanthroling), a polyamine, & tripeptide {e.g., lys-tyr-d
tripeptide}, or metal fon chelating grovp. The metal lon chelating grogp can 'im‘:iudeg
., an Lu(XID) or BUC) macroeyclic complex, a Zn(ll) 2,9-61 imethviphenanthroline
destvative, 3 Cuofll) terpyridine, or acridine, which can promote the selective cloavage of
arget RNA al the site of the bulge by free metal fons, such as Luflll). In some
eotbudiments, a peptide ligand can be tethered to a miRNA or & pre-miRNA o promote

cleavage of the tarpet RNA, e.g., at the bulge region, For example, 1 8~stimethyl-

¢ X

1,3.6,8,10, 13- hexagracyclotetradecane {cyclam} can be conjugated to a § peptide {eg., by
an aming acid derivative} to promote target RNA cleavage. The methods and
compositinng featurad in the invention include miRNAs that inhibit tuget gene

expression by a cleavage or non-oleavage dependent mechanism,

73
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A miRNA or a pre-miRNA can be devigned and synthesived to inchade a region
of noncomplementarity {e g, a region that 1s 3, 4, 3, or & nucleotides long) Hanked by

i

regions of sutficient complementarity to form a duplex (e g, regions that are 7, R, 8, 10,

For incregsed nuclease resistance and/or binding atfinity to the target, the
miIRNA sequences can include 27-O-methyl, 27-fluorine, 27-O-methoxyethyl, 27-0~
arinopropyl, 2 -amine, andfor phosphorothioate linkages. Inclusion of locked nucleic
acids {LNAY, 3-thiopyrimidines {e.g., 2-thio-U), -amino-A, G-clamp modifications,

s, can also

;ZL»

and ethylene nocleie acids (ENAY, e.g., 2°-4 -cthylene-bridged nusleic acl
increase hinding affinity to the target. The inclusion of furanoese sugars in the

S5

oligonucleotide hackbone can also decrease endcn.acis&:ﬁ}},«“ziﬁ cleavage., An miRNA ora

pre-miRMNA can be further modified by including a 37 cationic group, or by inverting the

1

sucleoside at the Y-terminus with a 33 linkage. In another sltornative, the 3-lerminug
can be blocked with an ﬂmin(‘;alk}*‘i groupy, e.g., a 3 CS-aminoalkyl d7, Other 3
conjugates can inhibit 3723 exonucleolytic cleavage, While not being bound by theory,
a 3 conjupate, such as naproxen or {buprofen, may inhibit exonucleolytic cleavage by
sterioslly blocking the sxonuclease from binding to the 37 end of oligonucieotide. Even
small alkyl chains, aryl groups, or heterocyelic conjugates or modified sugars (D-ribuse,
deoxyribose, glocese eie.) can block 375 -exonucleases.

The §' ~termivus can be blocked with an aminecalky! group, g, 8 5-G-
alkylaming substituent, Other 5' conjugates can inhitit 53’ exonucleolytic cleavage.
While not being hound by theory, a ' conjugate, stich as naproxen ov thuprofen, may

%,

inhibit exonucleolytie cleavage by sterically blocking the exonuclease from binding to

~q

the § end of oligonucleotide. Even small alky! chains, aryl groups, or heteroeyelic

(‘;

coningates o moditied sugars {(D-ribose, deoxyribose, glucose ete. § can block 3-8~

ERODUCICINSS,

In one eovhodiment, an miRNA or a pre-miRNA includes a modification that
improves targeting, e.g. a tarpeting modification described herein, Examples of
madifications that target miRNA molecules to particniar cell types include carbolhiydrate

sugars such as galaciose, N-acetvigalactosamine, mannose; vitaming such as folates;

w

2ar
other Hpands such as RGDs and RGD mimics; and small molecules including naproxen,
thuprofen or sther knows protein-binding molecales,

76
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o RNA or a pre-miRNA can be constructed using chemicnl synthesis and/or

snzyimatic lpation reactions using procedures known in the art. For example, ag
iR NA or 2 pre-miRNA can be chemically synthesized using natorally g.mcm’ring

acleotides or varionsly modified nucleotides designed to increase the bislogical
stability of the molecules or to inerease the physical stability of the duplex formed
hetween tie mIRNA or a pre-miRNA and target nucleic acids, e.g., phosphorothivate
derivatives and actidine substituted nucleotides can be used. Other appropriate nucleie
avid modifications are described herein. Alternatively, the miRNA or pre-muRNA
nucleic acid can be produced biologically using an expression vecior into which a

sureleic aoid has been subcloned in an antisense orfentation {fe., RNA transeribed from

r”y

fhe inserted nucleie setd will be of an antisense orfentation to a target nucletc acid ©

Antisense-type Oligonucieotide Agents

The single-stranded oligonucleotide agents fe satured in the invention include

L

P

antisense nuclcie acids. An “antisense” nucleic acid includes a nuclsotide sequence that
iv compiomentary to a "sense” nucleic acid encoding a gene exprassion product, 2.8
complementary to the coding strand of a double-stranded eDNA molesute o
complementary o an RNA sequence, e.g, 8 pre-mRNA, mi RNA, miRNA, or pre-

miRNA. Accordingly, an antisense nucleic acid can form hydrogen bonds with a sense

~

molecuie), antisense nuclele acids can be dest gm:d acoording to the rules of Watson and

rick base pairing. The antisense nueleie acid molecule can be complementary 16 @
portion of the coding or noncoding region of an RNA, e.g., & pro-mBRNA or mRNAL Por
sxample, the antisense oligonucleotide can be complementary to the region surrounding
the tranglation start site of a pre-mRNA or mRNA, e.g., the 3 UTR. An antisense
ahigonucieotide van be, for example, about 10 to 25 nucleotides i longth {eg., 11, 12,
13, 14, 15, 16, 18, 19, 20,21, 32, 23, or 24 nucleotides in fength}, An antisense
ofigonuelectide can also be complementary to a miBRNA or pre-miRNA.

As antisense nuclels acid can be constructed using chemical synthesis andior

enzymatic Hgation reactions using procedures known in the art. For examplie, a8

R
£

¥



WO 2008/042973 PCT/US2007/080331

antisense nuclein aeid {2 g., a0 antisense oligonucicotide) can be chemically synthesized
using neturaily sceurring nucleotides or variously modified mucleotides designed to

<,

inrease the Mological stability of the maclecules or to inorease the physical stability of

the duples formed between the antisense and target nucleic acids, e g., phosphorotiioale

5 dertvatives and acridine substituted nucleotides can be nsed, Other appropriate nucleic

acid modifications are dosorihed herein, Alternatively, the antisense nucleic acid can be
produced biologically using an expression vector into which a nucleic acid has been
subclonad in an antisense orientation (7.e., RNA transeribed from the inseried nucleic
acid will he of an antizense orientation {o a target nucleic acid of tnterest}.

10 An autisense agent can include ribonuclentides only, deoxyribonueleotides only
{e.g., oligodeoxynuclectides}, or both deexyribonucicotides and shonucleotides. For
oxamaple, an antisense agent consisting only of ribonucleotides can hybridize to a
complementary RNA, and prevent access of the translation machinery to the target RNA

transeript, therehy preventing protein 3}1‘11‘%1&53. An antisense molecule i.nduémg onky

flanked by RNA sequence at the ¥ and 37 ends of the antisense agent, can h}-"nridim to s
complementary RNA, and the RNA target can be suhsequently cleaved by an emzyme,

eg, RNAse H. Degradation of the target RNA prevents translation. The {l fanking RNA

sequences can include 2°-O~methylated nucleotides, and phosphorothivate linkages, and
0 the internal DNA sequence can include phosphorotiioate intarnuclestide linkages. The

™

internal DNA sequence is preferably at least five nuclentides in length when targ phing by
RN AscH activity is destred.
Bor increased anclease resistance, an antisense agent can be further modified by

X

fnverting the nucieoside at the ¥-terminus with & 33 linkage, In another alternative,

8% fhe 3-torminus can be blocked with an amincatkyl group.
In one embodizaent, an antisense oliponuclieotide agent includes a modification
that tmproves targeting, e.g. a largeting modification described herein.
Decov-tvpe Oligonucicotide Agents
0 An sHgonuctectide agent featured in the fnvention can be a decoy nucleie actd,

3

, & ducoy RNA. A decoy nucleie acid resembles a natural meclerc acid, but s

modified in such 2 way g8 to inhibit or interrupt the setivity of the natural nucleie acx

e

T
ik
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For example, 2 decoy RNA can mimic the natural binding domain for o ligand, The
deeoy RMNA therefore competes with natural binding targst for the binding of 2 specitic
figand, The natural binding target can be an endogenous nocleic acid, e.g., » pre-

miRNA, miR

¥

NA, premBRNA, mRNA or DNA. For cxample, it has been shown that

$ sver-gxpression of HIV trans-activation response {TAR) RNA can act as 8 "decoy” and
efficiently bind HIV tat protein, thereby preventing it from binding to TAR sequences

encoded in the HIV RNA,
In one embodiment, a decoy RNA includes a modification thal improves

targeting, g a targeting modification desceribed herem,

14 The chemical modificetions described above for miRNAs and antisense RNAs,
andd described elsewhers herein, are also appropriate for use in decoy nuclete acids,

Agtgmner-iype Oligonucieotide Agenis

An oligonucieotide agent featured in the invention cun be an aptamer, An
aptamer binds to a non-nucleie acid ligand, such as a small organic molocule or profein,
5 2.g., & iranseription or translation factor, and subsequently modifies (e.g., inbibits}
activity. An aptamer can fold into & specific structure that directs the recognition of the
targeted hinding site on the nov-nucleic acid Hgand, An aptamer can con tain any of the
modifleations deseribed herein,
in one embodiment, an aptamer inclodes a modification that improves targeting,
20 g 4 targeting modification described herein,

The chemical modifications described above for miRNAS and antisense RNAs,

ot

and described elsewhere herein, are also appropriate for use in decoy nucleto acids.

~

The details of one or more cmbodiments of the invention are set forfh 3 1 the

companying drawings and the description below. Other features and advantages of
55 the hevention will be apparent from the description and drawings, and from the clemms.
This application incorporates all cited references, patents, and patent applications by
references in thelr entivety for all purposes,
in one aspect, the invention features antagomirs, Antagomirs ars single
sivanded, double stranded, partially double stranded and hairpin stractured chemieaily
i modified obigonucientides that target 3 mictoRNA.

An sntagomir consisting essentially of or comprising at least 12 or morg
contigaous nuclestides substantially complementary to an endegenous miRNA angd
8



£F

5

Iy
(341

WO 2008/042973 PCT/US2007/080331

suore particuisrly sgents that inclode 12 or more contiguows nucleotides substantially
complementary to a target sequence of an miRNA or pre-miRNA nuclectids sequence.
Preferably, an antagomdr featured in the invention includes 3 nucleotide sequence
sufficiently complemerndary to hybridize to a miRNA targe! sequence of about 12 6 25
nucleotides, preferably shout 15 to 23 nucleotides. More preforably, the target sequence
differs by no more than 1, 2, or 3 nocleotides from a sequence shown in Table |, and in
one embodiment, the antagomir is an agent shown in Table 2a-2. In one embodiment,

o

the antsgomir inctudes a non-nucicotide moiety, e.g.; a cholesteral moiety. The non-
suclestide molety can be attached, e.g., 1o the 3" or 57 end of the vligenuclentide agent.
in a preferved embodinern, & cholesters] motety is attached to the 37 end of the
pligonucleotide agent.

Antagomirs are stabilized against nucleolytic degradation such as by the
incorporation of a modification, e.g., & nucleotide modification. In another embodiment,

¢ anfegordr includes a phosphosothioate at at least the first, second, or third

internuclootide Hokage af the §” or 37 end of the nucleotide sequence. In yet another
smbodiment, the antagomir includes a 2 -modified nucleotide, e.g., a 2"-deuxy, 2~
deoxy-2"~Ruore, 27-0-methy], 2-O-methoxyethyl (2-0-MOE}, I-C-aminopropyt {2-0-
AP, Pdimethylaminoctiyl (2-0-DMAOE), 2-Q-dimethylaminopropyt {20~
DMAP), 28O-dimethylaminocthyloxyethyl {2-0-DMAEQGE), or 2-0-K-

oy

vethylace o {2“O-NMA} Ina particularly preforred embodiment, the antagomir
includes gt least ene 2°-C-methyl-modified nucleotide, and in some embodiments, all of
the nucleotides of the antagomir include a 27-C-methyl modification.

An antagomir that is substantially complementary to 8 nucleotide sequence of an
mIRNA ean be delivered to a cell or a human to inhibit or reduce the activity of an
sndogenous miRMA, such ax when aberrant or undesired miRNA activity, or
imsuiBotend activity of 2 target mRNA that hybridizes © the endogenous mikNA, i3
finked to a disease or disorder. Inone embodinment, an antagomir featured in the
invention has a nuclestide sequence that is substantially complementary to miR-123 {ses
Table 1), which hybridizes to rumerous RNAs, including aldolase A mRNA, N-mye
downstram repulated gene (Ndrg3) mRNA, {Q motif containing GTPase activating
protoin-1 {lggapl) mRNA, HMG-CeA-reductase (Hmger) mRNA, and oltrate synthase

mRN& and others, In o preforred embodiment, the antagomir that is substantially

&G
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complementary to miR~122 iy antagomir-122 {(Table 2a-g). Aldolase A deficienvies
have heen found to be associated with g variety of disorders, including homelytic
anemia, arthrogryposis complex congenita, pituitary ectopia, rhabdomyalysis,

hyperkalemis. Humans suffering from aldolase A defictencies alae expenience

v

%

symptoms that include growth and developmental retardation, midiacial hypoplasia,
hepatomegaly, as well a3 myopathic symptors. Thus g human who has or who &8
diagnosed as having any of these disorders or symptoms is a candidate to recelve

troatment with an antagomir that hybridizes to miR-122.

Double-stranded rbosucieic acid (dsRNA)

5

in one crbodiment, the invention provides a double-siranded ribonucleic acid
{dsRNA) mulecule packaged in an association complex, such as 2 lposame, for
nhibiting the expression of & gene in a coll or mammal, wherein the dsRNA comprises
an antisense strand comprising a region of complementarity whuch s complementary ©
at loast a part of an mRNA fonmed in the expression of the gepe, and wherein the region

H

of complementarity i less than 30 nuecleotides in length, generally 19-24 nucleotides in
tength, and wherein sald dsRNA, upon contact with a cell expressing said gene, inhibite
the expression of said gene by at least 40%. The dsRNA comprises two RNA strands
that are sufficiently complementary to hybridize to form g duplex structurs. One strand
of the dsRMA {the antisense strand) comprises g region of complementarity that is
substantally complementary, and generally fully complementary, o & target sequence,
derived from the seguence of an mENA formed during the expression of 2 gene, the

{ {the sense strand) comprises a region which is complementary to the
antisense sivand, such that the two strands hybridize and form @ duplex steucture when

3

combined under suitahle conditions. Generally, the duplex strocture is between 15 and

30, more generally between 18 and 25 yet more gez‘af:miiy between 19 and 24, and most

s:omp.‘ies*nmim'ii}-‘ to the target sequence is between 15 and ‘3@5 More genemi? s hetween
8 and 23, vot more generally between 19 and 24, and most generally between 15 and
21 nucleotides in length, The dsRNA of the invention way further comprise one or
sore singlo-stranded nucleotide overhang(s). The dsRNA can be synthesized by

standard methods knowa tn the art as further discussed below, e.g., by use of an

o
o
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automated DNA symﬁwsimr, such as are commercially available from, for example,
Biosearch, Applied Biosysterns, Inc.

The dsRNAs suitable for packaging in the association complexes described

herein can inchade a duplex structure of between 18 and 25 basepairs {e.g., 21 base
5 pairs). It some embodiments, the dsRNAs include at least one strand that 18 at jeast

2int long. In other ombodiments, the dsRNAs include at least one sivand that is at fsast
15, 16, 17, 1§, 1%, 30, or more contiguous nucleotides,
The deRNAs suttable for packaging in the association complexes deseribed

heroin can contain one or move mismatches to the target sequence. In o preferved

10 embodiment, the dsRNA contains no mere than 3 mismatches. If the antisense sfrand of
the dsRMA contains mismatches fo a target sequence, it is preferable that the avea of
mismateh not be located in the center of the region of complementarity. If the antisense

.

strand of the deBNA contains mismatches to the target seguence, it is proferable that the

mismateh be restricted o 5 nucleotides from either end, for example 3,4, 3, 2, or |

o

sucleotide from either the 57 or 37 end of the region of complementarity.
in one embodiment, at least one end of the dsRNA has a single-stranded
nuclentide overhang of 1 to 4, generally 1 or 2 nucleotides. Generally, the single-
stranded overhang is Jocated at the 3-terminal end of the antisense strand o,
altcrnatively, at the 3°-terminal end of the sense strand. The dsRNA may also have a
20 blont end, generaily lovated at the 57~end of the antisense strand. Such dsRNAs have
improved stability and inhibitory activity, thus allowing administration af low dosages,
e, less than 5 mg'ke body weight of the recipient per day. Generally, the antisense
strand of the dsBNA has 2 nucleotide overhang at the 37-end, and the $-end §s bhunt, In
another embodiment, one or more of the nucleotides in the overbang is replaced with a
8 nucleoside thiophosphate,
In yet another embodiment, 2 dsRNA packaged in an association complex, such
as a Hposome, is chemically modified to enhance stability. Such nuclele acids may b
syathesized andior modified by methods well established in the art, suck as those
deseribed in “Current protocols in nucleic acid chemistry”, Beaucage, S.L. etal, (Edrs),
30 John Wiley & Rong, Inc., New York, NY, USA, which is herebry incorporated hevein by
reference. Chemieal modifications may include, but are not mited 1o 27 modifications,

modifications at other sites of the sugar or base of an oligonucleotide, lntrodustion of

82



WO 2008/042973 PCT/US2007/080331

non-natural bases into the oligonacieotide chain, covalent sttachment to 2 ligand or
chemical moiety, and replacement of internucleotids phosphate Hnkages with altemate
linkages such ss thiophosphates. More than one such modification may be employed.
Chemical Hinking of the two separate dsRNA strands muy be achieved by any of
5 a variety of well-known techniques, for example by introducing covalent, lonie or
hydrogen bonds; hydrophobic interactions, van der Waals or stacking interactions; by
means of metal-ion coordination, or through use of purine analogues. Such chemically
linked dsRNAs are suitable for packaging in the asseciation complexes described
herein.  Conerally, the chemical groups that can be used to modify the dsRNA include,
gy without limitation, methylene blug; bifunctional groups, generally bis-(2-
chiorocthyamine; Neacetvl-N'-{p-glvoxytbenzoyhoystaming; d-thiouracii; and
psoralen. In one embodiment, the linker is o hexa~ethylene glycol Hnker. In this case,
she dsRNA sre produced by solid phase synthesis and the hexa-cthylene glycol linker is

fncorporated according to standard methods (¢.g., Williams, DJ. ,and KB, Hall,

(&4

Bipchem. (1996) 351466514670}, in a particular embodiment, the S-end of the
antisense sirand and the Yeend of the serwe strand are chemicyily linked viaa
hexsethylene phyeol linker, In another embodiment, at least one nucle otide of the
JSRNA comprises a phosphorothioate or phosphorodithivate groups. The chemical
vond at the ends of the dsRNA is generaily formed by triple-helix bonds.
30 In yet another smbodiment, the nucleotides at one or both of the two single
strands may be modified to prevent or inhibit the degradation activities of cellular
enzymes, such as, for example, without limitation, certain nuecleases, Techniques for
inhibiting the degradation activity of cellular enzymes against nueleic acids are known
in the ant including, but not limited to, 27-amine moedifications, 2-amine sugar

25 modifications, 2°-F sugar modifications, 2°-F modifications, 27-alkyl sugar

i

modifications, 2°-C-alkoxyalkyl modifications like 2'-O-methoxyellivl, uncharged an
charged hackbone modifications, morpholine modifications, 27-O-methyt
modifications, and phosphoramidate (see, e.g., Wagner, Nai, #ed. (1995 1111168}
Thus, a¢ least one 2 -hydroxyl group of the nucleotides on a dsRNA &3 seplaced by a
20 chemical group, generally by a 2°-F or a 2-O-methyl group. Also, at least oue
suslentide may he modified to form a locked nucleotide. Such lucked nucleotide

gontaing & smethylene bridge that connects the 27-oxygen of ribose with the 4’-carbon of

83
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sihose. Oligonucleotides containing the locked muclontide are deseribed in Koshkin,
AA etal, Perrahedron {1998), 34: 3607-3630) and Obike, 8. et al., Tevrabedron Lot
{1998}, 39: 5401-3404). Introduction of a locked nucleotide into an oligonucientide

improves the sifinity for complementary sequences and inereases the mﬁii‘ing

)
N

temperatare by several degrees {Braasch, DA, and LR, Corey, Chem Biol (20013, 8
K}

Conjugating a Hgand to a dsRNA con enhan celludar absorption as well as

o~

of colls sueh g Bvercolis. In

arpeting to a particular tssue or uptake by specific type

(]

‘!]}

certain instances, a hydrophobic ligand is conjugated to the dsRNA to fncilitate divect
penneation of the cellular membrane and or uptake across the liver cells. Aliernatively,
the Hand corjugated to the dsRNA is a substrate for receptor-mediated endocylosis,
These approaches have been used to facilitate cell permestion of antisense
olissnncieotides as well as dsRNA agents. For example, cholesterol has been
conjugated to various antisense oligonuctentides resulting in compounds that are
substantially more active compared to thelr non-conjugated analogs, See M. Manoharan
Antivense & Nugleic dcid Drug Development 2002, 12, 103, Other lipophilic
compounds that have been conjugated to oligonucleotides fnchude 1-pyrene butyric acid,
1,3-bix-{Ch{hexadec '§}g§.}’mmlj and menthol. One exaraple of & ligand for recepior-

medisted sndoeviosts is folic actd, Folic acid enters the cell by folate-receptor-mediated

g

endocytosis, dsRNA compounds bearing folic actd would be efficiently transported into
the eell via the folate-receptor-mediated endocyiosis, Li and coworkers report that
attachment of folic seid to the 37-terminus of an oligonucieotide resulted in an 8-fold
increase in oeilalar uptake of the oligomucieotide. 14, 8. Deshmuid, H. M. Hoang, L.
Pharsn, Bes, 1888 75, 1540, Other ligands that have been conjupated to
oligonucieotides include polyethylene glycols, carbohydrate clusters, cross-linking
agents, porphyrin conjugates, delivery peptides and Hpids such as cholesterol. Other
chemical madifications for siRNAs have been described in Manoharan, M. RMNA
interference and chemically modified small interfering RNAs, Corrent Opinton in

Chemical Biology (2004), 8(g}), §70-579.

In certain instances, conjugation of a cationic Hgand to oligonucieotides results
in improved resistance to nucleases. Representative examples of cationiv ligands are
propylammonivm and dimethylpropylammoniom. [nterestingly, sntisense

g4
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oligonucizotides were reported 1o retain their high binding atfinity to mRNA when the
eationic Hgand was dispersed throughout the oligonucleotide. See M. Manoharan

‘(

Antisenve & Nucleie doid Drug Development 2002, 12, 103 and references theren

ot

sized by the use of

ff;

The Hgand-conjugated dsRNA of the invention may be

jo2

a2 dsRNA that bears a pendant reactive functionality, such as that derived from the
attachment of 2 Unking molecule onio the dsRNA. This reactive oligonueleotide may be

3 &

reacted dirsetly with commercially-available Hyands, Hgands that are synthesized
bearing any of & variety of protecting groups, or ligands that have a linking motety
attached thereto, The methods of the invention facilitate the synthesis of gand-

gt conjngated dsRNA by the use of, in some preferred embediments, nucleoside monomers
that have been appropriately conjugated with Hgands and that may farther be attached to
a solid-support material, Such Hgand-nucleoside conjugates, optionally attached to 8
solid-sopport material, are prepared according to some preferred embodiments of the

methods of the invention via reaction of a selected serum-binding ligand with g linking

4 moiety loeated on the §' position of a nucleoside or oligenuciectide. In certain
{astances, 2 dsRNA bearing an aralkyl Bgand attached to the 3 -terminus of the dsRNA

{s prepared by first covalently attaching & monomer building dlockto a controlled-pote-
plass support via 3 long-chain sminoalkyl group. Then, nucleotides are bond ded via

standard solid-phase synthesis techniques to the monomer bullding-block bound to the
20 solid suppest. The monomer building block may be a nuclenside or other organic

compound ihat is compatible with solid-phase synthesis

The dsRNA used in the conjugates of the invention may be conveniently and
roatinely made through the well-known technigue of solid-phase synthests, Equipment
for such synihesis fs sold by several vendors inctuding, for example, Applied

38 Biosystems {Foster City, CA). Any other means for such synthes s kmovwn inthe art may
additionally or alternatively be employed. It is also known to use similar techniques fo

orepare other oligonucleotides, such as the phosphorothioates and alkylated derivatives,

Teachings regarding the synthesis of particular modified oligonucteotides may
be found in the fbllowing 18, patents: 1.5, Pat. Nos. 5,138,045 and 5,218,105, draws

gonucleotides; U8, Pat. No, 5,212,295, drawn to monomers

~

30 to polvamine conjugated ofi

for the preparation of oligonucteotides having chiral phosphorus linkages; U.S, Fat.

Pl
L
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Nos. 5,378,825 and 5,541,307, drawn to oligonucleotides having modified backbones;

U8, Pab. Now 8,386,023, drawn to backbone-modified olignnucieotides and the

B3
3

preparaiton thereo! through reductive coupling; U.S. Pat. No. $4537,191, daawn to

< %

modifed nucleobases based on the 3-deazapurine ring system and methods of synthesis

therendt U8, Pat. No. 5,450,255, drawn to modified nocleobases based on N2
DANIAE

o

substitsied purines; 11.8. Pat. No. 5,321,302, drawn to processes for pre
oligonucleotides having chiral phosphorus linkages; U.S, Pat. No. 5,539,082, drawn to

peptide nucteic acids; UK. Pat. No. 5,554,746, drawn to oligonuclestides having P~
factam backbones; ULS, Pat. No. 5,571,902, drawn to methods and materials for the
synthesis of oligonuclestides; U.S. Pat. Ne. 5,578,718, drawn to nucleosides having
alkvithio groups, wherein such groups may be used as linkers {o other moleties attached
at sy of 3 vasiety of positions of the nucleoside; U.S. Pat. Nos, 5,387,387 and

5,599 797, deaws to oligonucieotides having phosphorothicate linkages of high chiral
purity; WA, Pat. No. 5,508,351, drawn to processes for the preparation of 2-O-aliodd
guanosine and related compounds, including 2, 6-disminopurine compouads; 118, Pat.
N, 5,587,469, drawn to oligonucleotides having N-2 substituted purines; U.S. Pat. Ne.
5,387,470, drawn o oliponucieotides having 3-deazapurines; U8, Pat. No. 5,225,168,
and LLR. Pat. N, $,608,046, both drawn to conjugated 4-desmethyl nucleoside analogs:
17,8, Pat. Nos, 5,602,240, and 5,610,289, drawn to backbone-modified oligomucicotide
analogs; UL, Pat. Nos. 6,262,241, and 5,459,233, drawn to, inter alin, methods of

synthesizing 2-flugre-oligonucleotides

X

in the ligand-conjugated dsRNA and Hgand-molecule bearing sequence-specitic
Hnved mucleosides of the invention, the oligonucleotides and oligonucieosides may be
asserbled on a suitable DNA synthesizer ntilizing standard mucleotide or mucienside
precursors, or nucleotide or nucleoside conjugate precursors that already bear the
linking moiety, ligand-nucleotide or nucicoside-conjugate precursors that already bear

the Heand molecule. or nonenucleoside Hgand-bearing building blocks.
25 2 e s I

&

When using sucleotide-conjugate precursors that already bear o Haking moicty,
the synthesis of the sequence-specific linked nucleosides is typically completed, and the
fipand molecule is then reacted with the linking moiety to form the ligand-conjugated
c;siiggmr;ci@{}tiﬁe. {ligenucleotide conjugates bearing & variety of molecules such as
steroids, vitaming, lipids and reporter molecules, has previousty been deserd

&6
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Manoharan et gl, PCT Application WO 83707883}, In a preferved embodiment, the

oli gomnﬁ;esi:iﬁes or linked nuclecsides of the invention gre synthesized by an automated
synthesizer using phosphoramidites derived from Hgand-nucleoside conjugates in
addition to the standard phosphoramidites and non-standard phosphoramidifes that are

N

commercially avatlable and routinely used in oligonucleotide synthesis,
The dsRNAs packaged in the association complexes described herein can
include one or wore modified nucleosides, e.g., a 2-O-methyl, 2-O-ethyl, 2-C-propyl,
3

2-O-allyl, 25-O-amisoatkyt or 2-deoxy--flucro group in the nucleosides. Such

modifications confer enhanced hyvbridization properties to the oligonuclestide. Further,
olistnucleotides containing phosphorothioate backbones have enhanced auclease
stability. Thus, fanctionalized, Hinked nucleosides can be augmented to tnchsde either ox
both a phosphorothicate Sackbone or & 2-C-methyl, 24-O-ethyd, 2%-O-propyd, 2-0-

J o

aminoalkyl, 2-O-allyl or 2-deoxy-2-fuoro group. A summary listing of some of the

e
‘!
X

ot gm’zua}emiée modifications known in the art is found ag, for example, PC

tn sonie embodiments, functionalized nuclesside aaqam $ POSSESSHRE &7 anming
greup at the $-terminus are propared using 2 DNA synthesizer, and then resctod with an
active ester derivative of a selected ligand. Active ester derivatives are well known to
thoge skilled in the art. Representative sctive esters inclade Ne-hydrosueeinimide estors,
tetraflnorophenolic esters, pentaflucrophenotic esters and pentachlorophenolic asters.
The reaction of the amino group and the active ester produces an oligonucieotide in
which the selected ligand is attached to the S-position through a linking grovp. The
amine gronp gt the S-terminus can be prepared utilizing a 3 S Amino-Modifior (00

3

reggent. In ooe embodiment, ligand molecules may be conjugated to off gonuclpotides &

i

the S-pusition by the use of a ligand-nucleoside phosphoramidite whereln the lig gand i3
linked to the S-hydroxy group directly or indirectly via & Haker. Such ligand-nucleoside
rhosphoramidites are typically used at the end of an automated synthesis procedure t
provide a ligand-conjugated oligomucleotide bearing the ligand at the F-terminns
Examples of modified internucleoside linkages or backboenes inciude, for
sxample, phosphoretiioates, chiral phosphorothicates, phesphorodithioates,
shosphotriesters, aminoatkyiphosphotriesters, methyl and other alkyl phsesphonates

including ¥-alkylene phosphonates and chiral phosphonates, phosphinates,
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phosphoramidates including 3-amino phosphoramidate and
sminosikyiphosphoramidates, thionophosphoramidates, thioncalkyiphosphonates,
thionoalkyiphosphotriesters, and boranophosphates having normal 353" linkages, 2%-5'
Sinked anslogs of these, and those having inverted polarity whercin the sdjacent pairs of
nucleoside units are Hnked 345 to 53" or 245" o 5%2°, Various salts, mixed salts and
free-acid forms wre also included.

Representative United States Patents relating to the preparation of the above
phosphorms-aton-containing inkages include, but are not imited to, 118, Pal. Nos.
3,6R87,808; 4,460 863, 4,476,301; 5,023,243, 5,177,196, 5, 18&,897; 5,204,423
3,276.0019; 5,278,302, 5,286,717; 5,321,131; §,399,676; 5,405,939; 3453496,

158, Y 5,8 : 5.536,821; 5,541,306, 5, 550.11 1
,a87, 363, S 697,248, esch of which is herein
Jacorporated by reference.

Examples of modified internucleoside Hinkages or backbones that do not include
2 phosphorus atom therein (e, oligonucleosides) have backbones that are formed by
short chain alky! or eycloatky! intersugar linkages, mixed hetercatom and alkyl or
sveloatioy! intersugar linkages, or one or more short chain heteroatomic or helerocychv
intersugar Hnkages. These include those having morpholine Hinkages (formed in part
from the sugar portion of a nucleoside); stloxane backbones; sulfide, sulfoxide and

sutfone backbones; formacetyl and thioformacetyl backbones; methylene formacetyl
and thisformacetvl backbones; alkens containing backbones; sulfamate backbones;
methylensiming and methylenchydrazino backbones; sulfonate and sultonamide
backbones; anide backbones; and others having mixed K, O, 8 and CHy component
parts,

Representative United States patents relating to the pr;pamﬁm of the ahove
aligonucieosides include, but are not Hmited to, U8, Pat, Nos, §,034,506; 5,166,315
5,185,444 5,214,134, 5,216,141 5,235,033, 5,2
8,434,257: 3,400,677, 5,470,907, 3,489,677, 3
5,602,240; 5,610,289, 5,602,240, 5,608,046; 5,6

8,663.312; 5,633,360, §,677.437; and 3,677,439, ecach of which is herein incorporated

oh
¥
vy

by reference,

L3
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I cortain instances, an oligonueleotide included in an association complex, such
s & Hposome, may be modified by a nor-lgand group. A mumber of non-ligand
molecuies have been conjugated o oligonuciectides iy order to entiance the activity,

celhadar distribution or cellolar uptake of the oligonucleotide, and procedures for

performing such conjugations are available in the scientific literatyre. Such non-higand
moietios have included Hpid moieties, such as cholesterol {Letsinger ot al,, Proc. Nath.

Acad, Sci. USA, 1989, 86:6553), cholie acid (Mancharan et al., Bicorg. Med. Chem,
Lett, 1984, 4:1053}, a thioether, .z, hexyl-S-tritvithiol (Mancharan et ab,, Aon KA
Acad. 8ci., 18892, 66(:306; Manoharan ¢f al, Bioorg Med, Chem, Let,, 1993, 3:2765) 0
thiocholesierol {Oberhauser et al., Nucl Acids Res., 1992, 200533}, an aliphatic chain,

, dodecandiol or undecy! residoes {Saison-Behmoaras of al., EMBO J,, 1991, 10T

Kabanov ot al., FEBS Lett., 1990, 259:327; Svinarchuk et al., Biochimic, 19983, 75:49),

3
.{3’4

-

2 phospholipid, ¢.g., di-hexadecylrac-glycerol or triethylammoniom 1,2-di-0-

o

ragh

exadecyl-rac-glyeero-3-H-phosphonate (Manoharan et al., Tetrahedron Lett, 1995,

~
2

L

3631: Shes ot al., Nucl, Acids Res., 1990, 18:3777}, a polyvamine or a polyethylene

wlveol chain (Mancharay et al, Nucleosides & Nucleotides, 1985, 14968, o

P

3

sdamantane acetic acid {Mancharan et al, Tetrahedron Left, 1995, 363651}, a palnutyd
moiety {Mishea et al,, Biochim. Biophys. Acta, 1995, 1264:229}, or an ocladecylamine
or hexylamins-carborvl-oxychofesterol moiety (Crocke et al, I Phanmacol. Bxp. Ther.,
1005, 277:923). Representative United States patents that teach the preparation of such
oligonucleotide conjugates have been listed above. Typical confugation protocois

L5

ipvove §

s
{,

& synthesis of oligonuclestides bearing an aminolinker at one oy mre

s

-

vositions of the sequence. The amine group is then reacted with the moleculs being
conjugated vsing appropriate coupling or activating reagents. The conjugation resction
may be performed either with the oligonucieotide still bound to the solid support or
fullowing cleavage of the oligonuclectide in solution phase. Purification ot the
oligonuciestide conjugate by HPLC typically affords the pure conjugate.

The modifications described above are appropriate for use with an

oligonpeleotide agent as deseribed herein,

Fusnpende Lipids

The term “fusogenic” refers fo the ability of a lipid or other drug delivery system
to Fuse with membranes of a1 cell. The membranes can be cither the plasima membrane o

&9
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membranes surrownding organelles, e.g., endosome, nuclous, ete. Examples of suitable
fusogenic lipids include, but are not Timited to dicleoylphosphatidyiethanolamine
{DOPE), DOUALC, DODMA, DODAP, or DLInDMA.  In some smbodiments, the
assoctation complex inclode a small molecule such as an midzole moiety conjugated to

g hipid, for sxample, for endosomal release

PHOG or PEG-Hpids

ir addition to cationic and fusogenic lipids, the association complexes include g

s

;ua

silaver stabilizing component {(BSC) such as an ATTA-Hpid or a PEG-lipid. Examplary
tipids are as follows: PEG coupled to dialkyloxypropyis (PEG-DAAY as described mn,
e, W 05/028372, PEG coupled to discylglycerel (PEG-DAGH as desertbed in, g
U.8, Patent Publication Nos. 20030077820 and 2005008689}, PEG coupled to
vhosphatidyvicthanclamine {PEY (PEG-PE), or PEG conjugated to ceranudes, ora
mixture thereof {seg, 118, Pat. No. 5,885,613). In s preforred eﬁﬂméimeni',, the
association includes a PEG-lipid described here, for example a PEG-Eipid of formula
(VY OOV Y ar (XVD). In one preferved embodiment, the BSC is & conjupated lipid that
inhibits aggregation of the SPLPs. Switable conjugated lipids inchude, bt are not limited
to PEG-Hpid conjugates, ATTAipid conjugates, cationic-polymer-lipid conjugates

{CPLs) or mixtures thereof. Iy one preferred embodiment, the 8PLPs comprise either a

3
PEG-lipid conjugate or an ATTA-lipid conjugate together with a CPL.
PE is a polvethylene glyeol, a Gnear, water-soluble polymer of ethylene PEG

sepeating units with two terminal hydroxyl groups. PEGs are classified by their
molecular weights; for example, PEG 2000 has an average molecular weight of abowt
2 400 daltons, and PRG S000 has an average molecalar weight of about 5,000 daltons.
FEGs ave commercially available from Sigma Chemical Co. and other compantes and
nclude, for example, the following: monomethoxypolyethylens glyeal (MePEG-OH,
monomethaxypolyethylene glycobsuceinate (MePEG-S), monomethexypolyethiylene
glyeol-succinimidyl suecinate MePEG-S-NHS), monomethoxypolvethylene ghycol-
grnine {MePEG-NH sub.2), monomethoxypolvethylene glveol-tresylate (MePEG-

TRERY, and monomethoxyvpolvethylene glveol-imidazolyi-carbonyl (MePEG-IM}. |

sddition, monomethoxypolyethvleneglycol-acetic setd (MePEG-CH.sub 2CO0H), i

90
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ag., PEG-DAA

et

partieularly useful for preparing the PEG-lipid conjugates including, ¢
conjugaies.

In a preferred embodiment, the PEG has an average meolecular weight of from

shout S5O daltons to about 10,000 daltons, more preferably of 7

abowt 750 dalions {o

ahout 5,000 daltons, smore preferably of about 1,000 daltons to about 5,000 daltons,

more preferably of about 1,500 daltons to about 3,600 dalions and, even more

preferably, of about 2,000 daltons, or about 750 dultons. The PEG can be optionally
snbstituted by an alkyd, alkoxy, acyl or aryl group. PEG can be comgugated divectly to

the lipid or may be Hoked {0 the Hipid via a tinker moiety. Any linker motety suitable for
coupling the PEG to a lipid can be used weluding, e.g., non-ester containing inker
motetios and ester-containing Hnker moieties. In g preforred embodiment, the huker
msiety 1S 4 nop-ester containing Hodeer motety. As used hereln, the term "non-ester
condalning Huker moiety refers to a Huker motety that doss not contain a carboxyiic
ester bond (--OC(0)--). Suitable non-ester containing linker moletize inchude, but are

st Hmited to, amido {(~CEOINH--), aming {~-NR-), carbonyt {--C{Qp}, carbamale (-

NECIOIO-), urea (-NHC{OINH--}, disniphide (--S--3~}, ether {(--0--}, succinyt {~
(OO H . sub 2CH. 8ub. 2C{0)-), succinamidy! (-~NHC{OHCH sub 20H sub 20(0~ jNH-
-}, ether, disulphide, ete. as well as combinations thereof {such as 2 linker containing
both a varbamate Hnker motety and an amido Hnker molety). In a preferred embadiment,
a carhanate Haker i3 used to couple the PEG to the lipid

In other cmbodiments, an ester containing Hnker moiety s used to couple the

PEG i the lipid. Suitable ester containing linker modetics include, e.g., carbonate {~
QOII0--), succinoy], phosphate esters (wO--(OIPOHG--}, sulfbnate esters, and

combinations thereof

Tarsetnge agenis

In some embodiments, the association complex includes a targeting agent. For

example, 2 tlargeting agent can be included in the surface of the association complex

<

{e.g., Hposome) to help direct the association complex to a targeted area of the body,

r;a

An oxample of targeting agents galsctose, mannose, and folate. Other examples of
fargeting apents include small molecule receptors, peptides and antibodies. In some

“

entbodiments, the targeting agent is confugated fo the therapeutic modety such as

=)
ot
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sligonucieotide agent. In some embodiments, the targeting medety i3 attachod directly
to 2 lipid component of an association complex. In some embodiments, the tavgeting
moiety is attached divectly to the lipid component via PEG preforably with PEG of
aversge molecular weight 2000 amou. In some embodiments, the fargeting agent 18

unconjugaied, for example on the surface of the association complex.

Shuctural components

In some embodiments, the association complex includes one oy more
components that inywoves the structure of the complex {e.g,, Hposome), In some
enthodiments, a therapeutic agents such as dsRNA ean be attached {e.g., confugated)

a lipophilic compound such as cholesterol, thereby providing a lipophilic anchor to the
dsRNA. In some embodiments conjugation of dsRNA to a lpophilic moiety such as
cholesterol can improve the encapsulation efficiency of the association complex,

o

Prapertios of association complexes

Association complexes such as liposomes are generally particles with
tvdrodynamic dlameter ranging from about 25 nim to 300 nne. In some preferred

smbodiments, S association complexes are less than 300 nm, g, from about 25 1o

,“(

about 400 nm, o.g., from aboot 25 nm to about 300 nm, preferably about 12 or lesa,

I some embodiments, the welght ratio of total excipionts within the association
complex fo RNA is less than about 20:1, for example about 15:1, In some preferred
smbodinents, the weight ratio is less than 101, for example about 7

In somne embodiments the association complex has a pRa such thal the
association complex is protonated under endozomal conditions {e.g., facilitating the
rupture of the complex), but is not protonated under physiclogical conditions.

in some embodiments, the association complex provides improved i vive
delivery of an oligomueleotide such as dsRNA. In vive delivery of an oligonucleotide
can e measured, using a gene silencing assay, for example an assay measuring the
stlencing of Factor VIL

Fr vive Factor VI silencing experiments

CSTRL/6 mive received tail veln injections of saline or various lipid

formulations, Uipid-formulated siRNAs are administered at varylng doses inan
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injection volume of 10 pl/g animal body weight. Twenty-four hours affer
administration, serum samples are collected by retroorbital blesd. Serum Factor VI
goncenirations are determined using 3 chromogenic diagoostic kit {Coaset Factor Vil

3

Assay Kit, DiaFharma) according to manufacturer profoeols.

Methods of making association complexes

In soime embodiments, an association complex is made by contacting &
therapeutic agent such as an oligonucleotide with a Hpid in the presence of solvent and g
buffer. In some embodiments, a plurality of lipids are included in the solvent, for
example, oue or more of & cationic Hpid (e.g., & polyamine containing lipid or & lipid

including a biocleavable molety as described heremn), 2 PEG-lipid, o fargeting lipid or &

&

X

fusogenic pd,
I some ermbodiments, the buffer is of a strength sufficient to protonate
substantiaily all @nines of an amine containing lpid such as Hpid described hereln, e.8.,
& liptd of forrauds (3} or formula (X}
In some embodiments, the buffer is an acetate buffer, such as sodivm acetate {pH
fabout 5). In some embodiments, the buffer is present in solution at a conventration of
from about 100 mbi and about 300 mM,
B some enbodiments, the solvent s ethanol. For exampie, in some
embodiments, the mixture inclodes at least about 90% ethanel, or 100% cthanol.
In some embodiments, the method inclodes extruding the mixture {o provide
sssociation complexes having particles of a size with hydrodynamic diameter less than
ghout 300 nm {e.g, a size from about 25 nm to about 300 nm, for example in some

~ R

wreserred embodiments the particle sizes ranges from about 40-120 nm}. In some

3
emnbodiments, the method does not include extrusion of the mikture.

i one embodiment, a Hiposome is prepared by providing 8 selution of' a lipid

deseribed herein mixed in a solulion with cholesterol, PEG, ethanol, and & 25 mM
acetate buffer to provide a mixture of about pH 5. The mixture is gently voriexed, and
to the mixture is added sucrose. The mixture is then vortexed again witi the sucrose i

dissolved. To this mixtore ts added a solution of siRNA in acetate buffer, vortexing

fightly for about 20 minutes. The mixture is then exirnded {e.g., af least about 1t} times,
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ez, 11 times or more} through at least one Slter {e.g., two 200 wum filters) ot 40 °C, and
dialyzed agatnst PBS at pH 7.4 for about 90 minutes at RT,

Py
3

in one ernbodimen, & liposome is prepared without extruding the liposcme

mixtore. A lipid deseribed herein is combined with cholesterol, PEG, and siRNA in

& 1004 ethanol, water, and an acetate buffer having a concentration from about 100 mM
ter about 300 mM (pH of about 53 The combination is rapidly mixed in ¥0% oihanol.

Upon completion, the mixtore is dialyzed {or treated with ultrafiliration) sgainst an
acetate buttor having & concentration from about 100 mM to ahout 300 mb {pH of
sbout 5 fo remove ethanal, and then dialyzed {or treated with ultrafiliration} against
0 PBS to change buller conditions,

Association complexes canbe formed in the absence of @ therapeutic agent such
as single or double stranded nucleic acid, and then upon formation be tremted with one
ar more therpauetically active single or double stranded nuclele seid moiteties to provide
a Joaded assoviation complex, l.e., an assoclation complex that s ivaded with the

18 thorpsuetically active nucleic acids, The nucleic acid cas be entrapped within the
association conplex, adsorbed to the surface of the association complex or both, For
examply, methods of forming association complexes such as Hposomes above can be
used to form association complexes free of a therapeuntic agent, such as 2 nucleic acid,

for example & single or double stranded RNA such as siRNA. Upon formation of the

3G sssoviation complex, the complex can then be treated with the therapeutic agent such as
$iRNA to provide a loaded association complex
I one embodiment, a mixtore including cationie Hipid such as a lipid desenbed
iy formuda (1), preforably a cattonie Hipid of the following formula
H #
P I T N N A2 n“x T N L Ay
o \§ fj ;..4
,./"\‘\,-’“\‘\_»"‘\,_..f‘“"\,.-"\\.f»"\N,-’:’E\ ™ N\,,"’ \’Nk“’ \\,«&' ’\?f' R A W VR WL N
H i H G
4
T e N o T "j@“@
H k
25 cholesterol, and a PEG-lipid, for example a PRG-lipid described herein, such as the

PEG-lipid below,
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are provided i cthanol {2.g., 100% cthancl) and combined with an agueous bulfer such

as agueeus NaQAg, to provide unloaded association complexes. The association

complexes are then optionally extruded, providing a more uniform size distritntion of
the association complexes. The association complexes are then treated with the

thereapontic agent such as siRNA in ethanol {e.g., 35% cthanol} to thereby provide ¢
foaded gssociation complex. In some embodiments, the association complex is then

treated with a process that removes the ethanel, such as dialysis.

Charscterization of association complexes

Asseciation complexes prepared by any of the methods above are characterized
in a similar manner. Assoviation complexes are first characterized by visual nspection.
In general, preferved association compleses are whitish translocent solutions free from
aggregates or sediment, Particle size and particle size distribution of hipid-nanoparticies

are measured by dynamic Hght scattering using a Malvern Zetasizer Nano £3 (Malvern,

USAYL Preforred particles are 20-300 nm, more preferrably, 40-100 nm in ste. In some
preferred embodiments, the particle size distribation is unimodal. The tolal siRNA
conceriration in the formudation, as well as the entrapped faction, is estimated using a
dye sxclusion assay. A sample of the formulated sIRNA is incubated with the RNA-
hinding dye Ribogreen {Molecular Probes) in the presence or sbsence of a formulation
disvapting surfaciant, 8.5% Triton-X100. The total sIRNA in the formulation
detormingd by the signal fom the sample containing the surfactant, relative to a
standard curve, The entrapped fraction iy determined by subtracting the “free™ sikNA

content {us measured by the signal in the absence of surfactant} from the tofal siRNA
) &2 P

conterd, Peroent entrapped siRNA 13 typically »85%.

Pharmacentivel compositions comprising oligonucicotide agonis

An oligonmucleotide agent sssembled in an association complex can be

5

sdminigtered, .., to 8 cell or to a humay, in a single-stranded or double-stranded

a5
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configuration. Anoligonucleotide agent that 1s in & double-stranded configuration is

bound to a substantially complementary oligonncleotide strand, Delivery of an

3
l

sligonucienstide agent in a double stranded configuration may confer certain advantages

o

on the cligonuclectide agent, such ag an increased reststance to nucleases.

{n one embodiment, the invention provides phanmaceutical compesitions

A

mncluding an oligonucleotide agort packaged in an asscciation complex, such as a

P

fiposome, as described herein, and a pharmaceutically acceptable carrier. The

£

pharmaceutics] somposition comprising the packaged oligonuciectide agent is useful fo

oy

troating a disease or disorder gssoctated with the expression or activity of a target gene,

%

such a3 a pathological process which can be mediated by down regulating gene
expression. Such pharmaceutical compositions are formulsted based on the mode of
delivery, One example is compositions that are formulated for delivery t a spesific
organvtissue, such gs the Hver, via parenteral delivery.

The pharmacentical compositions featured in the invention are admimstered in
dosages sufficient to inhilst expression of & larget gene.

In gpeneral, a suitable dose of a packaged oligonuclestide agent will be such that
the oligenucleotide agert delivered is in the range of 0.01 to 5.0 milligrams per
kilogram body weight of the recipient per day, generally in the range of 1 nuerogram o

1 mog per kilogram body weight per day, The pharmaceutical composition may be
sdministered once daily, or the oligonncleotide agent may be administerad as tw, three,
' more sub-dogses at appropriate infervals thvoughout the day or even using continwous

infusion or delivery through & controlled release formulation. In that case, the
oligonucieotide agentcontained in cach sub-dose must be correspondingly smaller in

%

order to achieve the total daily dosage. The dosage unit can also be compounded for
delivery wver several days, o2, using a conventional sustained releass formulation
which provides sustainied release of the packaged oligonucleotide agent over a several
day period. Sustained release formulations are well known m the art

The skilled artisan will appreciate that certain factors may influence the dosage

T

and Hming vequired to effectively treat a subject, including but not limited fo the
severity of the disease or disorder, previous reatments, the general health andfor age of
the subject, and other diseases present.  Moreover, treatment of a subject with &

therapeutically effective amount of a composition can melude & single treatment ov e

6
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soriea of ircabments.  Estimates of effective dosages and tn vivo hall-lives for the
individusl aligonucleotide agents packaged in the association complexes can be made
using eonventional methodologies or on the basts of in vivo testing using an sppropriate
antmal model, as desoribed elsewhere herein,

5 Advances in mouse geneties have generated a number of mouse models for the
study of varions human diseases. Such models are used for In vivo testing of
oligonucleotide spents packaged in lipophilic compositions, as well as for determining a
therapeutically effective dose.

Any method can be used to administer an oligonucleotide agent packaged s an

association complex, such as a Hposome, to & manwnal. For example, administration can

be direst; oral; or parenteral {e.2., by subcutaneous, intraventricular, intramuscular, or
intraperitones! injection, or by intravenous drip). Administration can be rapid {e.g., by
injection), or can ocour over & perdod of time (e.g., by slow infusion or admimstration of

3

showw retegse formulations ).

&

An Qiigﬁnucimt*;d{: agent packaged in an association complex can be formudated
into compusitions such as sterife and non-sterile aquecus solutions, Bon-aguecus
sofutions i conymon solvents such as aleohols, or solutions in Hquid or solid oif bases,
Such solutions also can contain buffers, diluents, and other suitable additives, For
parenteral, Intrathecal, or intraventriculat administration, an oligomucleotide agend can
20 be formulated into compositions such as stertle agueous solutions, which alse can
comtain buffers, dituents, and other suitable additives (e.g., penctration enhancers,
carrier compounds, and other pharmaceutically acceptable carviersy.

The aligonucleotide agents packaged in an association complex can be

formulated in a phanmacemtically acceptable carvier or diluent. & "pharmaceatically

Lo
P!

acceptable canier” {also referred to herein as an "excipient"} is o pharmacestically
ceptable solvent, suspending agent, or any other pharmacologically fnert velucle.

Pharmscestically acceptable carriers can be lquid or solid, and can be selected with the

olanned manaer of sdrninistration in mind 0 as © provide for the desired bulk,

consistency, and other pertinent transport and chemical properties. Typical

30 pharmaceutically acceptable carriers include, by way of example and not Emifation:

water: saline solution; binding agents {e.g., polyvinylpyrrolidone or hydroxypropyl

€

T

methylcellulose); fillers (e.g., lnctose and other sugars, gelatin, or caleium sultale)

o
iy
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fubricants {g.g., starch, polvethylene glycol, or sodivm acetate); disintegrates {e.g.,

starch or sodium starch glycolate); and wetting agents {o.g., sodium laury! sutfate).

EXAMPLES

Example 1; Syntheses and purification of corpounds 3.4 and 4.5 alevlation of

(%21

tricthvlenctetamine under Michae! addition condition ~ method 1 (Scheme 1}

i
o
5

Y = o N - s .
R= _)t; \“\v"A\N" R W N TN

H

“ 6y 50 °C, Neat, 5 days

It a 350 mL pressure bottle N-dodecvlacrylamide 1 (84 g, .35 mol) {Slee,
Deborah H.: Romane, Suzanne 1 Yu, Jinghua; Nguyen, True N, John, hudy K
Ruheia, Netl K. Axe, Frank U.; Jones, Todd K Ripka, William €. Journal of Mediomal
Chemistry (2001}, 4413}, 2094-2107] was taken and the solid was melied vader argon
by gently heating the vessel To this melt was added tricthylenctetramine 2 (102 ¢ 007
15 mol) and the mixtere was heated at 90 °C for 5 days. Michael addition of

tricthyvieneteiraming 2 to the aceylamide 1 vielded two five and the sole six alkvlated

products glong with minor amounts of low alkylated products under neat reaction
condition. The reaction mixture was snalyzed by TLC using CHClyMeGHINEY

{S0:5:5) 55 the cluent. The TLC showed the near complete consumption of the starting
20 servismide 1. The reaction mixtere was dissolved in dichloromethane {40 mlj, loaded
on 4 pre-packed column of silica gel and the mixture was separaied using cluent
CH UL MeOHINEL (8101 o 8:1:1). In order to achieve complete separation, multipie
columns using the same conditions were performed and the following pure products

3

were obtained. The required five addition prodects 3 and 4 were isolated along with the

a8
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six addition product 8. I this rerction mixtore some of the lower addition products werg
also detected in the TLC and the LC-MS of the crude reaction mixture
A-Dodecyb-3-{{2-dodecylearbamoyl-ethyl}-{2-[(2-dodecylcarbamoyi-ethyly

2-i(2-dedeevicarbamoyi-cthyl}-{2-(2-dedecylearbameoyvi-ethylamino-ethyl-aminel-

8 cthyl-amtino)propionamide. One of the two S-alkylated derivatives, compound 3
(somer 1, was isolated g Haht vellow foam (12 g, 13%). MS mf 672 (MH2HZ), 448
(MFIRET). HUNMR CDChH 8 0.87 (1, 0= 6.5Hz, 155D, 1.20-1.39 {m, 921 i} 46-1.57
{(m, 123, 2.30-2.50 (m, 10H), 2.00-2.78 {m, 10H), 310325 {m, 12H), 6.98 (bs, 3H),
741 (s, LHY, 7.63 (bs, 1H), 8.85 (bs, 1H) PO NMR CDChL 8 1433, 2290, 2737,

2 2038, 29,67, 3988, 238,80, 20.92, 32,13, 3074, 17277,

{3-{{2-{2-}{2-Bis-{2-dodecylcarbameylethyl}-amino]-sthyil-{2-
dodecylcarbasmoyl-ethyll-amino}-ethylamino}-ethyl)- (2-dodecylcarbamoyl-ethyi}-
smino]-V-dedecyl-propionamide). Second S-alkylated derivative, compound 4
{isorner [T} was isolated as a white powder (13.7 g, 14%) M8 m 672 (M+2H/Z}, 448
15 *\‘»3*%15*} 'HNMR CDCL 5 0.87 {1, J= 6.5Hz, 15H), 1.20-1.39 {m, 92H), 1.441.54

{m, 12H}, 230-2.45 {my, 8H), 2.46-2.54 (m, 8H), 2.55-2.85 {m, 10

12H), 898 {hs, 3HY, 7.41 {bs, 1H), 7.63 {bs, 1H), 8.85 {bs, 1H} FONMRODCH B
3RS, 2728, 3738, 29,50, 29.69, 2088, 29.89, 28,92, 32,13, 3965, 39,74, 50.84,

b
-
t{..

ﬂtin

3 315330 {m,

prevy
e
[
2
£

172,683, 17275, 172.8L.
20 Along with this a pure mixture of compounds 3 and 4 (11.6 g, 12%3 0 2.3 (34}
ratic was also Isolated.
3-{13-1{2-| Bis-{2-dodecylearbamoyl-cthyl}-amino}-ethyl}-(2-
dedecylearbamoyl-ethyll-amino}-ethyli-(2-dodecylearbamoyl-ethyl-aminoj-ethyi}-

{2-dodecyicarbamoyl-ethyl}-amino}-N-dodecyl-propionamide. The six alkylated

-’;ﬂ

_ isolated as & cream powder (163 g, 17%). MS sz 792 (MA2HA2}, 528
OVE3H), TH NMR DMSO-ds 8 0.87 (1, = THe, 18H), 1.15-1.40 {m, 112H), 145
1.5% {m 1Y, 220235 (m, 128), 2.37-2.50 (w, 12H), 2.64-2.78 {m, 12H), 3.10-3.25
{r, 12HY, 7.268 (b, 44, 7.64 (bs, 2H). VC NMR CDCly & 14.32, 22,89, 27.34, 2738
29,59, 39.68, 29.90, 29.92, 32.13, 39.77, 50.85, 172.80.

WE

.ﬁ

2 product

30 Exampls 2; Syntheses and peification of compounds 3, 4 sud 4: alkylation of

ricthviencteiramine vnder Michael additien condition — method 2 {Scheme 2}

98
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{n suother experiment, in order o prevent the polymernization of the starting
acrylamide 1 at high temperature, a radical guencher bensoquinone was added to the

chion mixtoare.
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{39090, Catalytic amount {15 myg) of benzoguinone, 5 days
in this method 3 similar reaction o that of Method 1 {Example 1} was periformed
sxeept that, a vadical quencher benzoquinone was added to the reaction mixture. ina
150 mi pressure bottle N-dodecylscrylamide 1 (24 g, 100 mmol) was taken and to this
10 15 my of benzogquinone was added and the solid acrylamide was melted wnder argon by
o

gentty heating the vessel. To this melt was added tricthylenetetramine 2 (2.8 g, 20

mol} and the mixture was heated at 90 °C for § days. The reaction mixture was

SR

i
analyzed by TLO nging CHyCl:MeORINEL (90:5:3) as the cluent. The TLC showed
the near compiete consumption of the starting acrylamide 1. The reaction mixturs was

dissolved in dichloromethane (40 mL} and the desived products 3, 4 and 8 were isolated

8
as deseribed in Example 1. In this case a slight increase in the amount of six addition
product was observed.
Compound 3: The five addition product, isomer §, was isolated as lght yellow
foam {3.4 g, 13%). The analytical and spectral data for this compeound was identical to
28 that of 3 obtained by Method 1.

Compound 4: The five addition product, isemer H, was isolsted a8 a white
powder (3.9 g, 14%). The anatytical and spectral data for this compound was identical to
~G
§

that of 4 obtained by Method 1. A pure mixture of isomers 3 and 4 {1.9 g, 7%} was also

isoiated.

g
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Cenpound $: The six addition product was isolated as 2 cream powder (6.9 g,
26%). The analytical and spectral data for this compound was identical to that of §

obtained by Method 1.

»-»ﬁv

Example 3. Svatheses and purification of compounds 3.4 and 4: alkvlation of

L

tricthylenctetramine under Michael addition condifion — method 3 {Scheme 3)

in this method the Michae! addition was performed 1o the presence of & promoter
Hike borie acld {Chaudburt, Mihir K.; Hussain, Sahid; Kantam, M. Laksiuni; Neelima, B,
Tewrahedron Letters (AD88), 46(48), 8329-8331.}) int order to enhance the rate of the

reaction,

o)
X

) ) i R R . ¥
e SR e N ,

?‘_‘;}\ 3;, e 1 = 5\ ot \l?i TN N\H ;

R R R R R

2 «\ e J\N N e

fEY 9070, ag. borie acid, 2 days
In this method a similar reaction to that of Method 1 (Example 1) was performed
except that, a Michae! addition promoter, saturated aqueous boric acid was added to the
18 reaction mixture. o a 150 mL pressure bottle N-dodecyl-acryvlamide 1 (24 g, 100 mmol}
was melted under argon by gently heating the vessel and fo this 3 ml of agueous borie

acid was added. To this melt was added triethylenctetramine 2 (2.9 g, 20 nunol} and the

sixture was heated at 90 °C for 2 days. The reaction mixture was analyzed by TLU

&

asing CHACLMeQHINEL (90:5:5) as the eluent. The TLC showed the near complete

A

] consumption of the starting acrylamide 1. The reaction mixture was dissaived in
dichloromethane {10 mL} and the solution was stirred with solid sodium bicarbonate
and the organic layer was filtered and concentrated in a rotory svaporator. This erade
product was puritied by columan chromatography (silica gel) using CHxUlaMeORNES
(48:1:1 to 121D In order o achicve complete separation, multiple columus using the

25 same vonditions were performed and the following pure products were obtained. Under

101



WO 2008/042973 PCT/US2007/080331

this reaction condition an increase in yields of compound 4 {iscmer I} and six addition
product 3 were achieved.
Compound 30 The five addition product 3, isomer |, was isolated as light yellow

foam (3.1 g, 1196}, The analytical and speetral data for this compound was identical o

21

that of 3 obtamed by Method 1.
Compound 4: The five addition product 4, somer 11, was isolated as s while
powder {5.7 g 20%). The analytical and spectral data for this compound was identical to

that of 4 obiained by Method 1. A pure mixture of isomers 3 and 4 (2.1 g, 7%} was also

10 Compound 50 The six addition product § was isolated as 2 cream powder (7.6 &,
38963, The snalytical and spectral data for this compound was identical o that of' 8
ohtained by Method 1.

Exanpic 4; Syntheses and purification of compounds 3 and 4 alkyiation of

riethvienctetramine under Michael addition condition ~ method 4 {Schame 4)

15 In another experiment, in order to minimize the formation of the six addition

product 8, nve of solvent was atiempted.

Q i
& I} Nida i
M

. - . el N N
\"A_ \N/\x’f\\"‘\\’f‘\\ﬂf \\/f\\. /\\ o T~ \‘Q [T N e

+ el ' 5 H

& H 5

R, N ;

} " 4 :N o A “N»’\JKR + 4 3vand 2v addition products
R \ R’ &

ey ) o " O " - [
R= ;24‘. N \Ny Mo T TN

i
® {1} 80 °C, mectonitrile or DMF, § days
0 I this method a simtlar reaction to that of Method 1 (Example 1} and Methed 2
{Example 33 was performed except that, the reactions were performed in the presence of
solvents at 90 °C with stirring. In a 150 mL pressure bottle / (iﬂ(‘&i..\«“*ﬁﬂ;i}a&l’ﬂﬂt« {16
g, 41,8 momol) was dissoived in 20 mi of ither acetonitrile or DME. To this solution
was added tricthvlenctetramine 2 {1 g, 6.8 mmol} and the mixture was heated ut 90 °C
25 for § duya, The reaction wmixture was analyzed by TLC using CHpOln MeOHINEY
{S0:5:5) u5 the eluent. The TLO showed the formation of only minor amounts of the
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required five addition product. The major product in this reaction was a mixture of four
gddition praducts along with very polar lower addition products.

Haample S; Separation of unreacted acrvlamide from the resction nuixture

andior the solated products 3.4 and §

To remove unreacted acrviamide T from the reaction mixture, the reaction
mixiure is dituted with ethyl peetate or DMF and stieved with polystyrene or polymer

%

Bound thiol {or mercaptan) to captwre all the acrylamide. The immobilized thiol was
added to the solution and gently shaken at ambient temperature and filer off the solid.
Michase!l addition of immobilized thiol to sorylamide capture al} unreacted avrviamide,
Traces of aorviamide as contaminant afler isolation of cach desired isomer could also be
mr‘pi sely removed under the same condition. The solated product 3 {or £ or 538

~,

dissnlved in DMY or ethyl acetaie and gently shaken with the immobilized acrylamide

“

guencher, flterand evaporation of the filtrate i vecue affords a pure compoand 3 {or 4

or 8} free of acrvlamide contamination.

Example & Separation of primary and sceondary amine contaminant from

After eolumn clromatographic separation of compownd §, fo romover traces of
srimary and seeondary smine contaminants, the compound is dissoived in ethiyl acetate
s DMF and stirred with solid hound or immobilized isothiocyanate at ambien
temperature overnight, Filter off the solid and evaporation of the filtrate affords s pure
conpound 8 free of any primary or secondary amine contamination,

Example 7: Separation of primary amine confaminants from compeund 3 and 4

After the completion of the reaction the reaction mixture is teated with
srachlorophihalic anhydride in the presence of triethylaming in dichloromethane at
room fempesature and the solvent is evaporated and the residue stirred with ethy! acetate
ardd the solid is filtered and the filtrate is concentrated o get the products whach facks

the oy m}\;* anune comaminant

¥

¥
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Tabie 1
Methods of synthesizing products 3 and 4

Methad  Temperatore  Promoter Solvent  Radical

Quencher
i 80 0 None Neat Nong
2 Q0 °C None Meat Benzogainen
~ ey Dt * JR SR, K gy w
3 OO Boreacid  Nest MNone
4 RG-120%C None DMEF None

HE

PCT/US2007/080331

Remarks

Formation of 3and 4 ina

39%. The six addition
product § was isolated in
17, Reaction took six days

for completion.

e,
o
.,
o

Bﬁmmg Huoue was used

prevent the polymerization

combined vicld of 3 and 4
was 34%, However 26% of

S owag also isolated

alss isolated.
Regetion very shuggish.
Cialy lower addition

products formed.
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Exgmpic & Methods of nreparation of the hvdrochloride salts of the products 3,

.
S5
BT o
£
s
o
s
o

in order to improve the sase of handling and increase the stability of the
compoanls Histed above, they were converted o their corresponding hydrochloride
satts 6, Tand B,

Hydrochloride of compound 3 {6} The amine 3 (9.4 g) was dissolved in 108 miL
of hot anhyvdrous 1,4-dioxane and 100 mb of 4M HC in dioxane was added and the
mixture was stivred gl room temperature overnight, Nitrogen was bubbled into the
reaction maxtore for 1h to remove the excess HC and the remanmag solotion was
concentrated to ~10 mi. To this heterogeneous mixtare 10 mi of BiOAchexanes
{11} was added and the precipitated product was filtered, washed with ethyl acitate (30
ml), hexanes (100 mi) and the resalting powder was dried under vacuum to get the
pure product 6 {9.99 g, 96%) as 2 cream powder, 'H NMR CDCEL 8 0.83 (1, J = 6.5Hz,
15H}, L20-1.39 (m, S3HY, 2.04-2.70 {m, 8H), 2.90-3.10 {m, 16H), 3.25-3.45 {m, 12H),
346-3.64 {my, 4H), 5.20-6.0 (bs, 2H), $.05-8.15 (m, 5H), 10, {bs, 3H). PC NMR €O
8§ 13,83, 22.04, 26,48, 28,069, 28.79, 28,80, 29.04, 31.26, 38.71, 168.38,
Elomental dnabysis: Caled. CoHISINGOAHCL3HAY G, 63.05; H 1L N 817 O,
.19, Found: O, 83,13, H, 1LO6) N, 821, (1, 821,

P
:J 1
Lk

R .

R st . ; R

i ] N N MO
;\;Nv“‘\fﬂ T e HNT™ N.. 8 \"!\‘g ~
\{ H P‘- 9 h
R R R

3 §
0
= f‘}{\vﬁ\ﬁ” R N W
H
T 4M HCHn L d-dioxane, 1., 12k

o

Comnpound 7

The amdne 4 {13.7 2, 10.2 mmol} was converted o the correspending HC sale 7

E)

using 8 similar procedure used above for 3 o obtain 6. The tetralivdrochloride salt T wa

w

jsolated as a white powder (14.6, 86%). 'H NMR CDCL 8 0.82 {1, J = 6.5Hz, 15H},
£.20-1.41 Gm, 928, 2.52-2.72 {m, 8H), 2,90-3.10 {m, 16H), 3.25-3.458 {m, 123H}, 346~
3,64 {m, 4HY, 5.20-6.0 (b, 2H), 8.05-8.15 {m, 5Hj, 10. {bs, 3H ) HoNMRODCL §
842, 13.84, 232,04, 2648, 28,69, 28,79, 29.00, 31.26, 45.44, 168,53, 168,60, Elemental

a
L]
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Asnsbysis: Caled: CoH163NGs AHCLZHO: C, 63,79, H, 1130 M, 817, O 9.34,

~

6378 H, 11.04; N, 8.48; ¢, 8.75.

Found: €,

Schame &
s 1 R I
NP R . W K, eyt o B
R & " R
& 7
R N TR N NI
B
5 Ty 4M HOY in 1 4-dioxane, 1., 12h
Compound 8
The amine 3 (13.7 g, 1.2 mmol) was converted to the corresponding HOUT S using
& procedure similar to that deseribed above for the salt 6. The tetrahydrochioride salt 8
was fsolated as & white powder {1.3 g, 96%). 'H NMR DMSO-d, & 0.87 (¢, J = THaz,
10 PEH), L13-1.30 (m, 112H), 135-153 (m, 12H), 2.10-2.25 (m, E?Ei}, 33240 {m,
I2HY, 2.60-2.76 {m, 120, 3.10-3.25 (m, 12H), 7.26 (b, 4H}, 7.64 {bs, 2H}, 101 {bs,

= «
R iy R ; R g R
T D N AT I N R A
N R / ¥R
’ ¢ R R 5 X
&
3
Ry
Ha Ao R I T W NP
H

15 S {y 4N HCHin | 4-dioxane, ri., 12h.

Examgﬁe 2 Selective protection of aming groups en triethvienstoiraming for

direcied synthesis of compounds 3 and 4

Step 1: Preparation of compound 10: Tricthylencietramine, 2 {20,558 g, 140.52
mmol, purchased from Sigma-Aldrich) in acetonitrife (300 mL) was cooled over an ioe
26 bath under constant stirring. Bthyl trifforoscetate (3520 mL, 295,09 mmol} was added
to the stirring sohution and stirred for 20h. Solvent angd volatiles were removed wnder
reduced pressure and dried under high vacoum to get ¢ as white solid (44.4 g, 4%}, The
product thus obtained could be used for the next reaction without further purification
{Wender ¥, AL et al. Organic Letters, 2008 7, 4815} .

Crade compound ¥ {23.70, 70 mmol) was dissolved ix acetonitrile (380 mi} and

e
(44

stivred over an foo bath. N{Benuyloxyearbonyloxy) succinate {£-08y, 43.73g, 1

106
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mimed, purchased from Novablochem) and triethylamine (2340 mL, 210mmaol) were
added to the reaction mixture and stirred overnight. Solvents were removed and the
residoe was extracted into dichloromethane (DCM), washed successively with water
{twe times) and brine, deied over anbydrous sodiom sulfate. Solvent was removed in
vacys and residue thus obdained was purified by silice gel columu clwomatography

&

{gradient elotion, 30-70% BtOAoHexanes) to obtain compound 18 as white solid
{38.2g, 5991 'H NMR (DMSO-dé, 400MHz) 5 = 9.60-8.50(m, 2H}, 7.40-7.26m,
OHY, 5.02(s, 45, 3.40-3.200m, 12H). MS: CoeHpeFaNaQy Cal, 60619, Found,

SOV N R AT
STV

Yors

Step 2¢ Preparation of compound 11: Compound 10 {12.60 g, 20.78 mmel}
vas suspended in methano! (MeQ, 130 mL) at ambient ¢ tomperatm and 8M solation
of methylamine in ethanol (40 ml) was added to the suspension under constanst stiring,
Al the solids went into solution, afer stirring for th at ambient temperaturs, the mixiure
was warined to SO°C and stirred for $h. Reaction was montiored by TLC, All the
solvents were removed under reduced pressure and the residue was purified by silica gel
column chromatography {(gradient elotion, 10% MeOH/DCM to 10:1HED,
MeOH TEADOM) to vield the product 11 (7.80g, 91%) as pale yellow gumey lqud,
¥ NMR (DMSBO-d6, 400MHz) § = 7.80-7.40(m, 10H}, 5.02-4.94{m, 4H}, 343-3.05(m,
SHD, 2.70-2.55¢m, 45, 2.20(bs, 4H). MS: CapllaoNeOs Tal. 414.23, Found 415.20(M0)
Step 3: Preparation of compound 13; Compound 12 was prepared from

tricthylenctetramine, 100 {10.235g, 70.09mmel} as described i step for the synthesis

s}*n{ﬁm.ﬁﬁ § by reacting with 1.1 moler equivalent of ethy! wifluoroacetate {8.30mL,
77 1vmel), Crude 12 thus obtained was dissolved in anhiydrous DOM (400ml) and
conled to 070 (Book{ {53.53 mmeol, 245.31 mmol) and trethylamine 4% mi,
350menol) were added and reaction mixture was allowed to stiv overnight. Progress of
the reaction was monitored by TLC, Solvents were removad i vaene and the residee
was extracted into DOM, washed with water, brine and dried. DOM was removed and
the rostdue was purified by silice gel chromatography {gradient elotion
F0%EH0AcHexane to BtOAC) to obtain the desired product 13 (34.20g, 2%} as white
sold, '8 NMR (DMS0-d6, 400MHz) 8 = 9.51-9.38(m, 1H}, 6.82{bs, 1H}, 3.30-3.00(m,
FOHS, TS8-1.300s, 27H). MR CosHaFalNGOy Call 342.29, Found 543,407 )

o

147
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Step 4@ Preparstion of 14: A solution of compownd 13 (25g, 47.32 mumol} in
MeOH {200 mLY was stirred with K;CO; (50g) in the presence of water {1 mi) at 5¢°C
overnight, Progress of the reaction was monitored by TLC. Solid KO0 was fiitered

off, washed with MeOH, combined washing and solvents were removed @ vacue.

§ Residue obtained was purified by silica gel column chromatography te vield the desired
product 14 {10.2 g, 50%) as whife solid. H NMR (DMSO-d6, 400MHz) 3 = 6.83(bs,
FHD, 2.98-3.300m, 125D, 2.62-2.500m, 2H), 1.25-1.45(m, 27H), MS: G HgpNeOg CGall
446,31, Found 447 40}

Scheme &

Y £ - .
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* Selective prodection of tricthylenctetramine aifrogens.

Step 51 Preparation of compound 15: Compound 9 {23.0g, 63.02 mmol) was

£t

dissolvad in g mixture of acctonitrile/dichloromethane (1:1, 300mL} and vooled {0 70
103
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Z-08u {17.00g, 69 muivol} was added to the solution and stirred for 10 minutes.
Tricthylamine {23 40 mi, 218 mmol} was subsequentty added {o the reaction nuxture
and allowed to stir overnight. Solvents and tricthvlamine were removed & vaene and the
restdue was extracted inte DUM, washed with water {two times), brine and dried. Afler
repnoving solvent, the residue was purified by sifica gel column clromatography {elnted
initially with 20-60 % BiOAc/Hexane, then with 3% MeOH/DUM} i obtain the destred
product 18 {13.3¢) as white solid along with side product 10 (8.5} YHNMR (DMSO-
A6, J00MHZY § = 9.60(bs, 1H), 9.30(bs, 1H), 7.40-7.28(m, 5H), $.01¢s, 2H), 3-40-

3. 100m, §HY, 27042500, 4H). MS: CgHaFaNeO, Cal. 472,15, Pound 473,107}
Step & Preparation of compownd 16: Treatment of compound 15 (13 4g,
28,38 mmel) with methylamine {30 wl, §M solution in BtOH) as described in step 2
vielded a colorless Hauid compound 16 (6.10g, 79%}. The produst thus ebtained could

X

= F.45.7.200m, 6H), S.07(s, 2H), 3.45-2.90{m, RH), 2.60-2.30(m, 44}, MS: CiablaalNeOy
Cal, IRGIS Found 281 zm;

used Tor next reaction without further purification. 'H NMR (DMSC-d6, 400MHz) §

e

i
iﬁ

i
PN P Pt
3
Y DiFS
EE i e
}«:
18

* Selentive blocking of single secondary nitrogen of triethylenst stramine

T

Exaniple 10: Synthesis of S-alkylated stngle isomer 4 - Method |

Step 1: Reaction of 11 with V-dodecylaerylanide: Diamine 31 {1.00g, 241
mmol) and Medodeoviaervlamide (3.47g, 14.50 mmol) were taken together in g pressure
tabe and hoated at 90°C for § days. The reaction was momitored by TLC. Onee the
reaction i over, the mixture is dissolved in dichioromethane and purified by flash

cloomatography to get the products 17, 18 and 19,

Step 22 Preparation of compound 20: Compound 19 {2.00g, 1.46 mmol} i
digsolved in & mixture of ethvlacetate and methano! {122, 15 mi} to that 2 eq. of acelic
acid is added. The nyixture is hydrogenated under pressure {30 psi} using

patiadivmicarbon (0.200g, 109wt} as a catalyst to get the desired product 28,
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Step 3: Preparation of single isomer 4: Compound 20 {1.50g, 1.36 munol) an

he servigmide {325 mmol; 136 muvel) 1s dissolved in toluene (4ml} and heated of

£

90°C days to form compound 4. Progress of the reaction is monitored by TLC, After

P

ampletion of reaction, the mixtore 18 cooled to room tomperatore, dissolved m DCM

<
olumn chromatography to obtain the desired praduct

&

and purified by flash silica gel ¢

[
&
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Step 1: Preparation of mmpmmd 21 Cempmmd 16 {‘s S 3 5anumol) and &

i3
dodecviacrylamide {6.00g, Teg) are twken together in a pressure tube and heated to
obiain compound 21, Progress of the reaction is monitored by TLC. After completion of
B reaction the misture is dissolved in DCM and porified by flash silica gel
chromatography to afford the desired compound 21.
5 Step 2: Preparation of compound 4 from 21: Compoungd 21 {2.00g, 133
S mbywthat 2 eq

g Lo

mmol is disselved in a mixture of sthyl acetate and methanoet {15
The mixtare is hydrogenated under pressure {38 pst) over

S

of acetio acid ix added.”
patiadiunv-carhon {0.200g, 10%wi) to afford the desired simgle somer 4.

1)
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Scheme 11
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Hxample 120 Synthesis of S-alkylated single isomer 3 - Method |

Step I: Preparvation of compound 22: Compound 14 (5.06g, 1130 mmol} and

R

Vedodeoviaorviamide (2.94g, 12.43 munol) were taken in toluene and heated at 90°C for

£

* was checked and showed the formation of product. The reaction mixture

“gm{
XA

five days,
was directly loaded on a pre-packed column of column silics gel and purified by Hash
chromatography (3% MeQH/DUM) to afford compound 22 (4.82g, 62%). 'FI NMR,
{LMBU-d6, 400MHz) & = 8. 17(bs, 1H), 6,60(bs, 1H}, 3.30-2.95{m, 12H}, 2.70(
F=5 BOMz, 2HY, 2,600, J=6.00Hz, 2H), 28, J=6.40Hz, 3H), 1.35{m, 298}, 1.26-
P150n, T8H), QB3 J=6.00H:, 3H). MS: CuHNsO; Cal. 585,54, Found 886,58 i‘}.
Step 2: Preparation of compeund 23: Compound 22 {4.73g, 6.7 mmnl} was
Jissodved in dichloromethane (100ml) and cooled 10 7 CL £-08u {2.59g, 1.5¢q) was
added to the solution and stirved for 10 minutes. The reaction mixture was subsequently
stirred with triethylamine (2.82 mL, 20.76mumol} overnight. Solvent and tiethylamine
were renoved i vacue and the residue was exiractied into dichloromethane, washed

spccessively with water {two times) and brine, and dried ove 3§}§§j€§¥{3‘£ﬁ$ sodium

r

sulfate, Afler romoving solvent the residue was purified by flash silica gel columan
chramatography (5-10% MeQH/DCM) to obtain the desired compoond 23 {5.33g,
B4%6), 'H NMR {CDCL, 400MHEz) § = 7.49-7.25(m, SH), 5.11{s, 2M}, 3.60-3.0%0s,
14H), 2.45-450m, 4H3, 1.50-1.35(m, 27H), 1.24-1.200m, 185}, 0.87(¢, J=6.00Hz, 3H},
MR CyeyaNay Cal. R19.57, Found 82(),?(5«3}4:}.

Step 3: Preparation of compound 24: 4M HCT i dioxane (50 ml.y was added

wio a solution of compound 23 {5.30g, 6.50 mmol} i dioxane (100mi). The reaction

mixiure was then allowed fo stiv m*mmgﬁi Product was precipifated out during the

5

courses ¥ the reaction. Solvent and HC were removed under vacuwn to vield a white

111
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&

sutid, The residoe was taken in MeOH containing excess triethvlamine snd the

suspension was stirved for th o obtain a homogeneous solution. Solvents wers removed
i vacur and the residoe was triturated with EtOAg, filtered off the tictiviamineg
hydrochionde sadt. Combined filtrate was evaporated under vacuom to obladn & gommy
(3.30g, 98%). 'H NMR (CDCh, 400MHz) 8 = 737-7.280m, $H), 5.05(, 28)
3.60-3 30{m, 45, 3.10-2.7¢0m, 1OH), 2.40-2.20{m, 4H), 1.40-1 30{(m, 2H), 1.25-
L17m, 188), G811, 3=6.00Hz, 3H), MS: CogHaNsOs Cal. 519.41, Found 3204007,

[43
P
o4
et
|5
34
3
=
g
P
Lol
181

Ntep 42 Freparation of compound 25: Compound 24 (1.00g, 1.923 mymeol} and

Nedodeoviaorvlanude {3.70g, Beq) are taken together in a pressure tube and heated at
i glovated tomperatore o forny desired compound 25, Formation of the product iy

monttored by TLC and s subsequently purified by Hash silica gel column

chromatography to afford a pure compound 25.

Step 3: Preparation of compeund 3: Compound 23 {2.00g, 135 mmal) is
diszelved in o mixture of ethyl acetate and methanod (12, 15+ } to that 2 og. of acetie
15 acid iy added. The mixtore is hydrogenated under pressure (30 psi) over paliadiom-

garbon {1.200g, 10%wi) to afford the desired product 3
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Example 13: Synthesis of S-alkvlated single isomer 3 - Method 2

-3

20 Step 1: Preparation of compound 26: Benzyl bromide {1.23 mi, 1.3egj o a
suspension of compound 22 {4.80g, 7.00mmol) and KoCO; {9.67g, Heq) i DMEF (100

mb) and the mixture was stirred overnight. Progress of the reaction was movnitored by

112



6

:’:3:1,

WO 2008/042973 PCT/US2007/080331

TLLL Solds wers Bltered off, washed with MeOH and ethyd scetate. Combined filtrate

was concomrated under reduced pressure and the residue thus obtained wase purified by
sitica got column chromatography (30-100% BtOAc/Hexane) to afford the dewired
compound 1 (3.30g, 6196, TH NMR (OMSO-ds, 400MH2) § = 7.77bs, 2, 7.38-
23{m, SHY, 8.85-8,700m, 1H), 3.58{s, 3H}, 3.20-2.200m, 18H}, 1.35{s, 27H}, 1.30-

§.23¢m, 2H), 1.20-1.150m, 18H), 6.81(, 1= 6,00Hz, TH). MS: CaHnNeD: Cal. 775,58,

Step 3: Preparation of compound 27 Compound 26 {3.30g, 4.25 mmol} in
dioxane {S(mi} was stirred with 4M HCY (30 mL) in dioxane overnight., Formation of
while precipifate was seen during the course of the resction, Sclvent and acid were
removed wnder vacunm and white residue thus obtained was redissolved in methanol
containing excess iriethylamine. The homogeneous solution was then evaporated under
seduced pressure to oblain while residue. The residue was triturated with EtJAc and
filtered o
afford the deswred compound 27 (2.36g, 99%:) a5 gummy Iquid. 'HONMR (CDC,

o

tricthylamine hydrochlonide salt. Filtrate was evaporated under vacuum {o

S00MHz) & = ROS(, F= §.8Hzx, 1H), 7.40-7200m, 5H), 3,88, 2H}, 3.10-2.300m, 15H]),
140-1.300m, 2H}Y, 125-1.15m, 18H), 0.82¢, F= 6.00Hz, 3H}. MS: Coudiay N0 Call

47543, Found, 498 4{M+Na)

Step 3: Preparation of compound 28: Neat compound 27 {1.00g, 2.10 numad)
and N-dodecylacrylamide {4.0g, 8eq} are mixed in a pressurs tube and heated fo
elevated temperature to form compound 28, Formation of 28 is monitored by TLC and
LO-MS. ABer completion of the reaction the product is isolated by chromatographic
purification to afford pure compound 28,

Step 4: Preparation of compouad 3 from compound 28 Compound 28
{2.00g, 1.40 mmol} is dissolved in a mixture of ethyl acetate and methanad (12, 1§ mi}
to that 6 eq. of acetic acid iz added. The mixture is hydrogenated under pressure {30 psy}

over patladiuni-carbon (0.200g, 10%6wt) to obtain compound 3
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Scheme 13
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Example 14 Converset synthesis of isomer 3 - Method |

Step 12 Preparation of compounds 30, 31 and 32: Bthylenediamine 28

L2

3.978ml, 14.83mmaol}, N-dodecylacrylamide {7.00g, 29 26mmol} and bonic aod

A1
e

5,

{100mg) were taken in § mL of water and heated at 90°C for four days. Complete
disappearance of acrvlamide was ascerlained by TLC analysis. The reaction mixture
was dissedved in DOM, washed with water and bicarbonate and dried over sodium
sulfate. BOM was removed and the residue was purified by silica gel column
W chromatography (2:2:96 to 10:10:80% MeOH/TEA/DCM] to get compounds 38 {1.85g}
“HONMR (DO, 400MHz) &= 7.05(bs, TH), 3.21 (g, J=6.30 Ha, 4H), 287 J=
&6.00ME, 4HY, 2,736, 4H), 2,344, B 6.00Hz, 4H),1.5%(bs, ZH), 1.49-1.45{m, 4H},
1.19¢m, $0H), 0.874%, b= 6.8Hz, 6H)Y MS: CuHesNg(, Cal. 538,52, Pound 338.50{M+}.
33 (350 ‘H NMR {DMSO-d6, 400MHz) § = 8.20(bs, 1H), 3.20-2.15(ny, 22H}, 1.36~
15 1.300m, 6H), 1251 13(m, 308), 0.814, J=6.00Hz, 9H), MS: CarlHesNs(h Call 77794,
Found T78.70M+) and 32 (1.75g) "H NMR (DMSO-d6, 400MHz) & = 3.23-2.15(m,
§35-1.450m, {1, 1.26-1.15(m, 40H), 0.82(t, J= 6.00Hz, 12H), ME: CpHizaNgUq
Cal. 101887, Pound TO1E.0(M+).
Step 2: Preparation of compeund 33: Compound 31 (1.35g, 2ramel} and

9 KoCOn (2,76, 20mmol) are taken in DMF. To that chloroacetaldehyde dimethyl acetal

2

£

(0433 mi, 4.00mmol) is added and stirred for 24b. Reaction is monitored by TLC,
filtered off KaC0; washed with MeOH. Solveuts are removed under reduced pressure
and the residue is subjected to chromatographic pustfication to afford compound 33.
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Step 3: Preparation of compeund 34: Compound 33 {2.00g, 231 mmol) s
taken fu a mixiure of MeOH and DCM, to that PTSA (2.0¢q) is added and reaction
maixture is stisved overnight. The solution is nentralized with sodiwm bicarbonate

3

solutton and extract with DCM and dried. Compound is purified by chromatographic

o
£
[

soparation 1o afford the desired product 34,

EwJ

Siep 4: Freparation of single isomer 3 from 34 Compound 34 (2.00g, 2.43

mmoi} and 38 {1.31g, 2.43 mmol} are taken in DOM; to that activated molecular sieves
i added and stirred for 3h. The reaction is monitored by TLC. Once the reaction is over
seivents ts removed. The restdue s dissolved in THF and sodiem tracetoxvhorohvdride
10 {3 eg.} and acetic acid are added and stirred overnight. Solvents are removed and
extracis with DCM, chromatographic separation of the residue affords pare isomer 3,

Schome 8

A-dodengt ‘ . &

P H H
- rykainid F3 - . it 3
Ml Ny BEVRITES ?N N Ryl Ry &N-A\’NR
) SO0 & 8 oy
2 waaterfhoric acid 30 P 32
¢ s .\(G e {’J\/'x
Ohe~" KOs
y o ;
‘r'ﬁ‘)“\@/ ‘f) F R
‘i FTSA o b 30 '
P N . k- RNy e B N N g
) R Naf GA L BH fﬁ' &
33 34 s -
@
o /‘_1.2‘\\ "’/"“E\NH\\ N T N
Hxomple 15 Con L synthesis of isomer 3 — Method 2
5 The desired siLgk: isomer 3 is also prepared from compaund 38 by selective

protection of one of the nifrogen to obtain compound 35, Compound 38 is subseguently
reacted with aldehvde 34 under reductive conditions © obtain compound 38, Axd

3

freatrment of 36 affords desired compound 3.
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Uxamnple 16 Convergent syuthests of isomer 3 - Method 3

The dedred single isomer 3 is also prepared from monobeney! ethylenediaming

7. Alkylation of 37 with 1 affords o mixture of compounds 38, 39 and 4¢. Compound

1
=

49 is reacted with aldehyde 34 under reductive conditions to obtain compound 41.

Hydrogenolysis of 41 sffords the desired compound 3

v’

Scherpe 16
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16 Example 17:_Convergent synthesis of isomer 4 - Methad |
Step 1: Preparation of compounds 43 In a 150 mL pressure bottle M-dodecyt-
scrviamide 1 {164 g, 68.8 mmol) was melted under argon by gently heating the vessel
and to this 3 mL of aqueous boric acid was added, To this melt was addsd Boo protected

sthylensdiamine 42 {5 g, 31.2 mumol) and the mixture was heated at 90 "C overnight,

2
[
o~

K3y

The resction mixture was anabyzed by TLC using CHaCly:MeOHINEL (B35 as the

chsent, The TLO showad the near complete consumption of the starting aorylamide 1.
The reaction mixture was dissolved in dichloromethiane {100 ml.) and the solution w
stirved with solid sodium bicarbonste and the organic layer was filtered and
concentrated in a rotory evaporator. This crude product was purified by column

20 chromatography {silien gel) using CHCh MeOHNEY (48:1:1 to 8:101). The major

16
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product in this reaction is the double addition product 43. Minor amounts of mono
asiduct was also obsorved,
Step 2: Preparation of compound 44: Compound 43 (2.00g, 3,13 mmol) is

teken m dioxane {30 mL} to that HCH (20 mi,, 4M solution in dioxane} is added and

8 sitrred overnight. Sol 13 removed o get the compound 44,
Step 3: Prepavation of single isomer 4 from 34 and 44 Compound 34 (2.00g,
243 mumol} and 44 {1.31g, 2.43 mmol} are taken in DOM,; to that sctivated moleeular
sieves s added and stivred for 3h. The reaction is monitored by TLC, Onee the reaction
1§ over sobvents are removed. The residue 18 dissolved in THYF and sodiam triacetoxy
10 horohydnids (S oq.) and acetic acid are added and stirred overnight. Solvents are
removed and extracts with DOM, chromatographic separation of the residue affords
pure isomer 4,
Scheme 17
*‘wds.(;%‘v" & R
. g famite . HC UC N
VAT L IV L N HOLHNT ™R
8350 , 44
43 weterboris 8ok 43 %
;mi Na{DAS)RK
e 4 | i
R= :V":\\""K\N}'iﬂ\“fﬁ\v"ﬁ\\/” R S R\“ PSS ’\‘\?‘50"\\“/&‘ R
&
15 Example 1&Addition of ¥-dodecylacrylamide to 1.3-dimminopropane aud

sobsequent reduction of the amide 1o aming

In ovder to study the effect of munber of charges in the cationis Hpid the Michael

adiduets of sorylamide 1 with 1,3-diaminopropane 45 was investigated.

=
eevy
~3
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Y907, ag. borio acid, 16k {1} 4M HClin | 4-dioxane, ri., 12k and (1) BH;

‘-

Step 1: Bynthesis of 46, 47 and 48: In 2 150 mL pressure bottle N-dodecyl-

31

e

iy heating the vessal

R

sorvlandde 1 {1534 g, £4 mmol} was melted under argon by gent
and to this 3 mi of agueous boric acld was added. To this melt was added 1,3~

diarninopropane 44 (1,58 g, 21 mmo}) and the mixture was heated at 98 °C overnight.
The reaction mixture was analyzed by TLC wsing CHaChiMeOHINEG {8005:5) as the
cluent, The TLO showed the near complete consumption of the starting sorylamide L

-

he renction mixtore was dissolved in dichloromethane (108 ml.} and the solution was

yoed

stirred with solid sodivm bicwbonste and the organic layer was filtered and
cncentrated in g sotory evaporator. This crude product was punified by colun
chromatography (silics gel) using CHaCliMeOHINE: (48:1:1 to 8:1:1). The major
product in this reaction is the triple addition product 46. Minor amounts of tetra addut
47 and bis sddoct 48 were also tsolated.
N-Dodecy-3-{{2-dodecylearbamoyl-ethyl)-{3-(2-dedecyicarbameoyl-
sthylamino}-propylj-amine}-propionamide 46, The three addition product 46 was

C s - - O N Ty .
isolated as a while powder £5.7 g, 35%). MEB m/2 793 (ME) 'H NMR CDCL S 887 ¢,

o
o

o
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X
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{m, 4HY, 2.00-2.70 {m, 4H), 284 {8, 2H), 3.15-3.28 {m, 6H}, 6.65 (bs
3
4~{{3-{Bis«{2-dodecylcarbamoylbethyll-amino}-propyhi-(2-
dedecyiearbamoyb-ethyhaminol-V-dodeeyvl-butyramide 47, The fow

mroduct 47 was also isolated in minor amounts.

1H), 6.99 {bs,

- addition

H-Dodecyl-3--{2-dodecylearbamoyl-ethvlamino}-propyiamino-

propionamide 48, The diadduct 48 was isolated as a oream powder (1.8 g, 10%}, MS

sz 553 (MH). 'H NMR CDCl 8 0.89 (4, J = 6.6Hz, 6H), 1.10-1.20 (m, 408, 1.42-
AHY, €.00 (bs,

166 m, 4H}, 220 {4 J = 6He, 4H), 255 (4 4H), 2.00(, 4H, 3.00 (m, 4
2H}

Step 2: Conversion of amines 4, 35 and 36 to their corresponding

hydrochloride salts 49, 30 and 31,

The amine 46 (5.5 g was converted to the corresponding HCT 49 using »

procedure similar to the deseribed in Example 8§ and the dihvdrochlonde salt 49 was

{solated as @ white powder (3.73 g 92%). 'H NMR DMRO-4; & 9.88

b L38-1.45 {m, 6H), 2.10-2.25 {m, 2H), 2.55-2.70 (m, 6

PCT/US2007/080331

(i, J = THz, 9H),

bt

e

'y 7
33 ée{}

e,

v

5=

<

(s, 1OH), 3.20-3.35 (m, 6H), 8.16 (1, 1H), 8.24 ¢, 1H), 9.15 (b, 1H), 10.65 {bs, 1H).

o g similar procedure to that deseribed in Example 8 the amine 4

weith 48 HC to obtain the dihydrochioride salt 50,

P
f

18 freaten

{n & similar procedure to that described in Example 8 the amine 48 18 freated

with 43 HC to obtain the dibydrochloride salt §E

Step 3: Reduction of amides 46, 47 and 48 1o amdnes 52, 83 and 54: Amine 46

is refluxed in THYF with excess of diborane overnight and subsequent treatment with M

RO affords hydrochlonde salt of polyamine 52,

ok

product 33 and 54 as their respective hydrochloride salt.,

Bxample 19: Reduction of polvamides 3, 4 and S to the correspending

podvamine Jendriness

Componnd 3 is refluxed with large excess of diborane in THE

A similar reatment of amines 47 and 48 affords the corresponding reduced

»

o oblain the

curresponding reduced product 858, After completion of the reaction, the reaction

mixture i3 freated with 4M HC prior fo work-up and the product is 18

slated ag i

e
i
3

R
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hydrochloride salt. Hydrochioride salts of 56 and 57 are also oblained from the
corresponding precursors 4 and § regpectively.
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Bxanple 2¢: Polvamine alkyi lipids - reduction of amides to amines

Preparation of polyamines 68 from 32: Compound 32 (1.02¢, 1 o} s
taken frn THF (20 mi), to that BN THF (60 mi, 1M in THF} is sdded and refluxed for
two davs. Reaction is monitored by TLC. Removal of THF gives a white residue, which

cated with 1M HOT and extracts into DOM. Clromatographis separation of the crade

Py
fas!

products vields pure compound 60,
Preparation of polyamines 58 and 59 from 30 and 31: Reduction of amudes

3% and 21 under similar conditions described for the preparation 60 respectively afterds

28 and 3%,
= L . 2
18 Scheme 20
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Vxample 21 Synthesis ofpolvamide-polvamine alkyls — alkviation of amines

using alkyl halides

1

Step 1: preparation of compound 62: A solution of chloroacetyl chloride
(1031 s, 12937 mmal) in DCM (200 mL} was cooled over an ice bath and to this a
solption of dodecyiamine {81, 20.00g, 107.81 mmol} in dichloromethane containin
TRA (3670 mi, 269.5 mmol) was added dropwise over a period of T hr. The reaction

smixture tuned brownish-black by this thne, continued the stirring for another howr &

o

t‘g‘ g

(993

16 reaction mixture was filtered through a sintered funnel, washed with Bt Ac,
diluted with chloroform, washed soevessively with water, sodium bicarbonate solution
3 HOT s brine. Organic layer was dried over sodivm sulfate. Solvents were remaoved

and the residue was porified by silica gel colnmn chromatography {3-30%

EOAs Hexane) to afford compound 62 {26.00g, 92%) as brown splid. H NMR
{CDC, 00MHL) 3 = 6.58¢bs, TH), 4.03(s, 2H), 3.25{g, I=6.00Hz, IH),
IH), 1451, 18{m, IRHY, 0.86(, J=6.00Hz, 3H). MS: CygHaCING Call 261,19, Found

A

262200471,

Brerd

54-1.49(m,

Step 2: Preparation of 63, 64 and 65: Tricthylencictramine 2 (1.00g, £.83
mwmol) and ehiloroacetamide 62 {10.00g, 5.5 eq) are taken together in & mixturs 6
CHLON/DME {1:3), to that KzC0; {9.43 g, 10 eq) and KI (50 mgare added and heated
°C for three days. The reaction mixture s filtered to remove solids, wash with
DICM. sobvents are removed in vacwe and chromatographic separation of the crude

residus affords pure compounds 63, 64 and 65,

¥21
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Sxample 220 Synihesis of polvamide-polyamine slkvls — allodation of amives

& using alkyl halides with branched aminealkyls
Step 1: Preparation of 67: Chloroacetyl chloride (4.05mk, 51 manol} was faken

i DOM (106 mL) and cooled down to 0°C. To this s dichloromethans selution of NN
didedecyiamine {66, 15.00g, 42.41 mmol) and TEA (1443 ml, 2.5 eq.} ware added
dropwise over a period of thr, The reaction mixture tuned hrownis h-black by thas tune,

10 aiter the addition the reaction mixture was stirced for 24 h at ambinet tomiperature. The
reaction mixiure was filtered through a sintered funnel, washed with BtOAg, diluted
with chloroform, washed successively with water, sodium bicarbonate sciution, IMHCGE
and brine. Organic layer was dried over sodium sulfate. Solvents were remaved in vaas
and the residue was purified by silica el column chromatography (5-50%

8 Si0A¢ Hexans to nhiian the required product 67 {12.5g, 69%) as brownish Hguid, M
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MNMR (UDCE, 400MHz) 8 = 4.04(s, 21 A00m, 45}, 1.50-1.45ny, 2H), 1.40-1.20(m,
TRED, 087, B 6.00Hz, TH). MS: CogllsCING Cal. 430.13, Found 431,207},

Step 2: Preparation of 68, 69 and 7 Tricthylenctetraming X (0.500g, 6.83
mmol} and chloroacetamide 67 (8.10g, 5.5 eq) are teken together in a mixture of
CHLONADME {1:3), to that KaCO0; (4.72g, 10 eq) and KT {30 mg} are added and heat
at 85 °C for three days. The reaction mixture was filiered to remove insoluble solids,
wash with DUM, solvents are removed and chromatographic separation of the residue

affords 1 68, 8% and T,
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xample 23: Addition of NAN-dialkvlacrylamide to polvaming
5 In order to study the effect of adding more hydrophobic chains to the cationic
lipids, didodecviamine was used as a precarsor to the serylamide
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o

Step 10 Synthesis of A N-Didedecylacrylamide 71

&

ke

fo a solution of didodecylamine 06 (2

‘1.'
T

sthylamine {18 g, 141 mumeol) in anhydrous CHxCh ¢

CFO0 miy at

g, 70.7 nunol) and

yat-1070 8

2

solution of acryloyl chloride (7.68 g, 85 mmol) in CHyCh (100 mi} was sdded

mixiure was stirred ford hat "C after which the TLC of the resction mixiur

dropwiss over a period of 20 min. After the completion of the

o addition the reaction

e showed

the completion of the reaction, The reaction mxture was w ashoed with said, NaHCO,

aohas

Coneen

%%

wsed as such i the next step, 'H NMR €
40H), 315360 {dg, aH

teation of the organic laver provided the product 71 {284
DCL 04 S=

Step 2 Reaction of tricthyelentetramine 2 and 71

taoad
1

1003

e
el e

columm purification the Michael addition products 72, T3 and 7

L

6.5Hz,
1. 5.64 (4, 1H), 6.36 (d, 1H), 6.63 {m, 1H).

fon {200 mL), water {200 mL), brine (100 ml) and dried over NaSG,.

g, 100%) winch was

SHY, TOS-1.6%8 {my,

Jamide 71 is treated with the amine 2 and after usual workeup and

arve isolated,
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Siep 3: Synthesis of hydrochioride salts 75, 76 and 77: Each single compound
ahtained is taken in dioxane and 4M HCL in dioxane is added fo the solution and stirred

as deseribed in example R to yvield the corresponding hydrochionide salt.

Exaraple 240 Alkenviation of polvamings using mono unsaturated dalkyl

5 servismide wnder Michael addition condition
In order to stody the effect of double bond in the alky! chaln oleylamine was
used g8 a procursor 1 the sendamide 79
Scheme 24°
A e WL N § e NI N Q
L imimrans Q‘ Pl "K\V\ﬁt\\iff \"/
N . ~ o NH:/ :“;
8 73
E
o N e
R L
i
o ' >
2 t-: C" ® H .:R I:: .’9
UG W S N Mo, M N e N
4 ? g i d o] &
8 R R
%6 &4 82
9
‘.\r‘{«-/m\\‘}-/ B \\‘.«“”\rh
T NN NN
:
i
t
Hydrochiorides safis
83, 84 and §5
19 ® Gy Avrvloyl chloride, -10-0 °C, DIPEA, CHRChy, 4h, (H) 90 °C, Neat, 5 days
and {11} HCOVDioxane
Step 1: Synthesis of compound 79: To a selution of oleylamine 78 (26,75 g,
{00 mmol) and triethylamine (20 g, 200 mmel) in anhydrous CHCL; 200 mby at =16
¢, g solution of acryloy] chloride (9.9 g 110 mmol) in CHaCly (100 sl was added
15 dropwise over a period of 20 min. After the completion of the addition the re sgetion

mixiure was stitred for 4 b at § °C after which the TLC of the reaction nyixture showed
the completion of the reaction. The reaction mixture was washed with satd. NaHCGs
solution {200 mLy, water {200 mL), brine (100 wl) and dried over NaSQy.
Conveniration of the organic layer provided the product 79 (32 g, 10096} which was

20 used as such in the next step, 'H NMR CDCL 8 0.91 {1, J= 6.5Hz, 3H), LOS1.35 (m,
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24H), 1424y, 2H), 196 (m, 43, 531 ¢4, 1R, 5.33-5.346 {m, TH}, 5.54 ¢dd, 1H), 602
{dd, 1H3, 618 {:}d,, 14}, 8.03 {bs, 1H).
Siep 2: Reaction of compound 79 with tricthylenetetramine
The serviamide 78 {s treated with triethylenetetramine 2 and sfter asual work-ap
3 and column purification of the Michael addition products affords pure compounds 88,
81 and 82,
Step 3 Synthesis of hydrochloride salts 83, 84 and 8%: Bach single compound

{80, 81 or 82) obtained is taken in dioxane and 4M HCT in dioxane iy added to the

suhution and stirred as described in example 8 to yield the corresponding hydrochloride
10 salt.

Example 25 Alkenvlation of diamines using mong wusaturated N-alkyl

acrviamide under Michasl addition condition

Scheoe 28°

s:’"A\"”“\""’""\""'\* g T i
N 0o g T s —
N T o e ~7 4% -
H
T8
Bl i R g R R
g R Ty + Hi‘ : e Hydeachisdte sal
! & N R e
R g gr 88 8%, 54 prdt
H
r:/ M et .\\/"’\\w" rq"\‘.‘/' ’N\’v?z;
8 o R

18
* ()90 7, ag. borie acid, 16h and (i) HCVDioxane
In 1 similar procedure to that of Example 24 the acrylamide 79 is treated with the
digmnine 45 and afier usual work-up and columyn purification the Michae!l addition
oroducts86, 87 and 88 are iselated. Treatoaent of the free amine thus oblained with HC
28 in dioxane affords the comresponding hydrochloride salts 89, 96 and 81 respectively.

Fxample 26:_Alkenviation of polvamings using poly unsaturased M-alkyl

agrviamide under Michael addition condition

{ry order to stady the effect of polynnsataration in the alkyl chain hnoleylamine

§2 was nsed 18 a progursor to the acrylamide 93,

[
[
]



WO 2008/042973 PCT/US2007/080331

24H), 142 (¢, TH), 1.96 (m, 4H), 531 (1, 1H), 5.33-5,36 (m, 1H}, 5.54 (4, 110, 6.02
(46, TH, 6,18 (44, TH), 8.03 {bs, 1HD).

Step 2: Reaction of compound 79 with triethylenstetramine

The sceviamide 79 s treated with tnethylenctetramine 2 and afler osual work-up

o

and cohumn purification of the Michael addition products affords pure compounds 8,
81 and 82

Step 3t Synthesis of hydrochloride salts 83, 84 and 83 Each single compound
{80, 81 or 82} oblained is taken in dioxane and 4M HO in dioxane s added to the
selation and stirved as deseribed in example 8 to yield the corresponding hydrochioride
10 sali,

Dxample 25 Alkenviation of diznines using mono onsaturated Nealkyl

aorvismide under Mighael addition condition

Scheme 28°
TN £ HNTYT M i

i < &
N, & —e o
o < 3
\.,./\)\v NN P

. N “‘ 45
H

¥

i Hytdrochicride ssit
z\~ 8 §7 5§ 83, 30 wid

N TN ]

~ N, e - 3
S T TN

w

(11 90 °C, aq. boric acid, 16h and {if) HCYDioxane

In a shradlar procedare to that of Example 24 the acrviamide 79 is troated with the
diamine 48 and after ususl work-up and column purification the Michas! sddition
products86, 87 and 88 are isolated. Treatment of the free amine thus obtaised with HCH

in divxane affords the comresponding hvdrochloride salts 89, 96 and 81 respectively.

¥

]
ox

Sxample 26; Alkenviation of polvamines using polv nosatarated MNealkyl

acryviamide under Michael addition condition

reder 1o study the effect of polyunssturation in the alkyl chain Hnoleylamne

s
et
D
-~
fm
“

93 was used as g precursor o the sorvlamide 93,

[
<3
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Nydroghianide ssits
&7, 98 ardd 98

* {1y Actdoyt chloride, -10-0 °C, DIPEA, CH Chy, 4h, {i) 90 °C, Neat, 5 days snd
(i) HOWDioxane

n

< N

Step 1; Compound 93 Linolylamine 92 is treated with acrvioyl ehioride n g
stinilar procedure to that of Example 24, step 1 and the cotresponding acrviamide 93 i
wolated.

Step 2: Reaction of compound 93 with tricthylenetetramine

The acrvlamide 93 1s treated with {ricthylenetetramine 2 in the presenve of borie
10 acid as deseribed in Example 3 and after usual work-up and cohwnn purification of the

Michae! gddition products affords pure compounds 94, 95 and 96,

Step 3; Syathesis of hydrochloride salts 97, 98 and 99 Hach single compound

{94, 95 or 96) obtained is taken in dioxane and 4M HCL in dioxane is added to the

sohution and stirred as described in example 8 to vield the corresponding hydrochioride
18§ salt.

s

Hxample 27 Alkenviation of di

amines using poly unsaturated N-alkyl

acrviamide pnder Michael addition condition
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e TR
Scheme 27
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®{1) 90 °C, ag. boric acid, 16k and (i) HCVDioxane
n g sintiar procedure to that of Example 3 the seryvlamide 93 is treated with the

dlamine 48 it the presence of boric acid and after usual work-up and column

purification the Michas! addition products 100, 101 and 102 are isolated, Treatment of
the froo amvine thus obtained with HC! in dioxane affords the corresponding
hydrochloride salts 103, 104 and 108 respectively,

Example 28 Alkenviation of polvmines psing ally! senviates under Michae!

10 addition condition
Scheme 28°
Q
Q\f/‘ii\ - P e N g, T "Ej A \V\N’(“\\Vﬁ'hﬁz \: et
~ C‘ N e ™’ 5 E'E"N o . H
106
« &
{ 2 h 34
= = i4 R 21 B
{ hf\ ; N ’f“\ T N 1‘\\
H\i\ N a\&; N 5 + “N\»Q\J\N \JN R i R} 1\‘ R
R R 8 R« R
R 198 0
3
o= :‘ = /‘\mf R N P N P
® {1y Methanol-water, 40 °C or Methanol, water, boric acid, room temperatore
Method 15 s-Dodecylacrylate (106) 13 stirred with iricthylenetatramine 2 4n
15 methanol-water at 40 °C to obtain compounds 107, 108 and 109, The products are

isolated by chromatographic separation.
Method 20 s-Dodecylacrylste (106} is stirred with tricthylenetelraming 2 i the
vresenes of boric acid in methanol-water at 40 "C to obtain compounds 107, 108 and

189, The products wre solated by chromatographic separation.
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Exargde 29 Alkenvviation of dismines using adky] acrvistes under Michasl

addition condition

L 3
Scheme 29

« K ;
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{1} Methanolwater, 40 °C or Methanol, water, boric acid, room temperature
Method 1 m-Dodeeviacrylate (186) is stirred with tricthylonetetramine 2 in

& {ﬂq
R

methanob-water 81 44 °C to obtatn compounds 110, 111 and 112, The products are
isulated by vhromatographic separation.

Method 20 s-Dedecylacrylate {(106) 18 stirred with inethylenctetramine 2 in the
aresence of boric acid in methanol-water at 40 °C to oblain compounds 118, 111 and
112, The products are iselated by chromatographic separation,

Example 38 Synthesis of Ootadeca-9,12-dieneic acid 3-dmsthyvlanine-2-

actadecs-8 1 2-dienoyioxy-propyl ester 3

i OH
‘L‘ 3 i o~ e — _/‘\ A_,!‘»\ o
- N\\,-" L\QfOH U“}‘T"‘ e N N S N N
i':(f)\’\::::::.f"(""v’ e 2 ?
ii Cf\ iy N e G PN o~ oy . w/\\_‘““‘ ___/-\ .(..A«\ e
. N ¢ _.'G$ 3 " i - P A N N N NI o e S e o -
NN e N £DCI, DIPEA ¥
it : H
3 OMF &

§

To & solution of the linoleie actd (35 g, §9.1 vunol) in anhydrous DMF 80 mLy,
ditsopropyl sthylamine {17 mL, 100 mmli) was added at room temperature with stiring
followed by 3-{dimcthyvlamino}-1,2-propanediol (4.8 ¢, 40.5 mmoll and BDCT (1728 ¢
39.9 mmol} and the mixtwre was stirred at room temperature overpight. The TLC of the
reaction mixture {sluent 20% BiOAc in hexanes) showed the completion of the reaction,
The resction mixture was poured into 1ce water and exirscted with ethyl acetate {2 x

130
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160 mL). The combined organic layers were washed with water (100 mb), saturated
NaHCO; (100 nll) and dried over Nap S04, Concentration of the organte layer provided
the crude product which was purified by column clvomatography {silica gel, elnent
20% BtOAe in hexanes). The fractions containing pure produact was pooled and

§ concentrated. The pure ester was isolated as g clear liguid (5.7 g, 22%). MS md 645
(MFED, T NMR ODCL § 0.88 {7, J= 6.3Hz, 6H), 1.20-1.39 {m, 28H), 161 (. J=49
Rz, 12H}, 2.03-2.08 {m, 8H), 2.26-2.38 (m, 10H), 2.44-2.56 {m, 2H), 276 1, /= 6.3 Hz,
SHLA09d, J= 0l He & 1L Hy, 1)L 430 (dd, J= 33 & 118 He H}. S$28-5.34
{m, THY, 5.34-5.41 (m, 8H). DO NMR CDCl 8 14.30, 22,79, 25.08, 25,18, 25.43,

0 ATA0, 3026, 2030, 2934, 29,42, 29,55, 29,83, 31.73, 34.32, 34 38, 46.01, 3937, 64.02,

12808, 12824, 130,21, 130,42, 17339, 173.65.

Example 31 Exemplary procedure for making a liposome ssing exirusion

Prepare stock solytions of ND98 (120 mg/ml}, cholesterel (23 mg/mi}, and €10~
PEG-Cer-2000 {100 mg/ml} in 100% cthanol, Sfore st -20°C. Warm i 37°C water bath

~

prior i preparing formulations (ap to 30 minutes 3s helpful - it {akes 8 while for the

s
[451

cholestero! w dissolve completely).

2X 2wl Prep

15mi Faloon tube, adds

1A
551
s

5
(]
ey
hroedd
=
D
4
i
¢
pouc]
o
o
o,
L1
g
fjc
Lh
S
o
=
0
]
o)
=y
Py
Ee]
e

T3Add 20 myg suerose
$¥Vortex again until sucrose has dissolved
FAdd 1 mi of u freshiy-prepared (in o new Faleon tube) T mg/mi solution of
stRNA in 25 mM sodivm acetate (=100 ul of 10 mg/nd SiRNA + 900 ul of 35 mM
30 sodium acelate)

1 Vortex lightly (setting 1, with Falcon tube holder adapter} for 20 minules

D¥Afer 1S minules {3 minutes remaining), clean extruder
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2 Extrade 11 times through two 200 nm filters at 40 °C

3500 MWD Pigres

¥

{ 3Halvze against PBS, pH 7.4 for 90 mimstes at RT in

Lasselies

Example 32 Excmplary procedwre for making a Hposome without using

g
gxirusion
Prepare stock solutions of NDPS (120 mg/mi), cholesterol {35 mp/mi), and C16-
PEG~Cer-2000 (100 mg/ml) o 100% cthanel, Store st -20°C. Warm in 3770 water bath
prioy {o preparing formudations (up to 30 minutes 1s helpful ~ it {akes o while for the
10 cholesterni to dissolve completely).
To g 15mi Faleon tube, add:
138 of lipid
23200u] of cholestersd
18 HToul of PE
43455u of 1005 ethanol
FHO0u of water
ﬁ:}f}sfe;gazn'e I miof 1 mg/ml siRNA in 100-300 mM sodium acetate, pH ~38
IRapidly mix Lipids in 80% cthanol with siRNA in geetate buffer
20 ??}Diﬁﬁ vze {or use pltraliltration) against 100-300 mM sodium acetale, pH~S o
remove ethanot
Wiabvze {or use ulirafiliration) against PBS to change buffer conditions
Fxample 33 Exemplary protocot for quantification of KNA in g Hpesome
The procedurs below can be used to guantify (1) the proportion of entrapped
sIRNA and {2) the total amount of siRNA in a liposome.
Matorials:
30 Ribolreen (Moleoular Probes)

s‘.a ,./‘f i‘i;ﬁn X- }{.}{}

TE haffer
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Protoesl {86-well plate format):

1. Dihute samples to be tested in TE buffer such that siRNA concentration is ~ 2

3 pgfal {34 - 4 og/ml). Note dilution of sampies
2. Array 50 ul of each sample into 2 wells {e.g. samples arraved into 2 rows of
microplate)
3. Add 50 ul of TE buffer to one of each of the 2 samples {c.g. top row samples),

This samaple will be used o defermine “frec™ siRNA.
18 4, Add 30 ul of 2% Trton X-100 to the remaining of the 2 samples {e.g. bottom
row samples). This sample will be uged to determine “total” SIRNA,
Prepars standard siRNA dilutions by using known amousnts of the siRNA o be
qmmﬂimﬁ. Start with S0 ul. of 4 ug/ml, ami do 2-fold dilutions., Add 30 ulof
2% Triton X-100 to cach of the standard sample difutions.
Incubate for 15 nuin at room temperatore,
Add 100 ull of diluied RiboGreon to all of the samples. Diluted Bibolreen 1o be
used at 1100 dilution,
%, Read plate in Hoorimeter (Victor2) using FITC setiings.

4%

(ot
~3
i

Calculations:

Final volume m wells will be 200 ull.
RiboGreen will be at 1:200 final dilution.
Trton X100 will be at 0.5%.

i

Stanglards will be dilutions starting from 1 sg/mL.

it Standard Curve, perform lingar fit,
Uetormine Entrapment % = 100¥(1-"free” signal/ “total” signal}
Determine STRNAYL First convert “total” signal 1o conceniration using the

30 standard curve, then multiply by dilution factor.

Exampde 34 Comparison of Lipid moieties ag formulated inte Liposurass

1

The effectiveness of lipid compositions can be tested by determining the relutive

~x

ability of a lipid o deliver an stRNA moiety fo 8 target. For exaraple, the sileneing of a
35 target indicntes that the siRNA 13 delivered into the cell. Applicants have compared
fiposoime complexes that include cach of the following Hpid molcties together with

RNA that 18 used to silence Factor VI (FVID
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{mtially unpurified reaction mixtures were used. Different NDY8 reaction
mixiures were generated by synthesizing product at ditferent ND:OR monomer ratios:
NDOR =14, 21, 31l 4L, 301, and 61, NDUE s generated by réacting NI, the

structure of which is provided below:

N N,J\,«:f?

#

H , with amine 98, the structure of which i

wovided helow

oML

u the ratios provided above (Le, NER98 = 11, 201, 31, 40, SiL, and &1

Liposomes were formulated at ND98:cholesteroh FEDZO00-CerC18:5iRNA =
1SR {wi ratios), Liposomes prepared with NDOE = 111 and 211 precipitated dring
formulation and were not characterized further,

Table 1, below provides the average particle size and porcent entrapment of the
Hposomes using the various wonomer vatios {(Le, the nomber indicating the rabio of KId
relative to 88}

Tahie It

F-Avg. Particle size { nm) 7 E‘ntrapment

NDYS 356

=)

Y
k4
A

NDOg dse 0 05

NDOS 581 3

NDOR &7

Kb

74

Figure 1 provides the results of the FVI siliencing assay for the varions monomsr ratios
gsing an experimental dosing of 2 my/ky sIRNA. The resuits suggest that the NDOE 8
tail modety and/or ND 98 & tail molety are the active species as these are the most

abundanis species on the NDO8 61 preparation. As deseribed a § tail motety indicates a



;A;:‘

WO 2008/042973 PCT/US2007/080331

commpound where 5 of the hydrogens on the starting amine 98 have boen reacted with a
starting serylamide modety NI A 6 tail molety indicates g compound where 6 of the
hydrogens on the starting amine 88 have been reacted with an acrylamide motety NI
Accordingly, the numer of “ails” indicates the number of reacted hydrogens on the

starfing amine.

Example 35 Determination of preferred lipid isomer

Apphicants purified NDOS lipid products. NIIOS lipid moieties are the lipid

mwoictics resuliing in the reaction of NI2, the structure of which is provided below:

, with amine 98, the sfructure of which is
provided below

H

Hyl — N e N ™ NH.

Applicants tested 4-tail mixed isomers of NDO8 (i.¢., where four of the amine

hydorgens have been reacted with the ND acrylamide above}, single stractural isomers

&

N

of S-tail ND®E (e, where for of the amine hydrogens have been reavted with the Ni3
acrylamide ta'i:m's-'{:}. Examples of the two § tail isomers are provided below:
. R R
§;§ N M
R,,a«s\iff\&,'\\/,i\f\,ﬂ\N,R ) R N\ f\f e N \f\i B

; and ;

R R R R
Liposomes of the purified ND98 products were formulated with the following
components in the following ratios: NDU8:cholesteroh PEGZ000-CerC1e5iRNA =
15:5771 {wiratios).

Table 2, below provides the average particle size and percent entrapment of the

ey

ipesomes using the varions monomer ratios (e, the number idicating the ratic of NI

volative fo 98
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Tahle 2

L-Avg, Particle size A Lntmpméﬁim
()
NDos L |88 05
NDYS 2 s 86
ND98 3 115 ' 86
NDOS 4 02 >95
For the purposes of table 2 and Fi gmc"?\{)% NS *»tmiad{tmmm hNDeg2

s S-tailed {isomer I+ I ND9SS 3 = S-tailed (isomer 1) and NDOR 4 = 4aailed.

The liposomes where administered with siRNA at 2 does of 2.5 mig/kg, and
evirduated for the silencing of FVIHL Figure 2 provides the resalts of the 4 tailed isomer
miixture, the single 5 tailed isomers (L., tsomer { and I} and the mixture of 5 tailed

isomers (1.2, tsomer L and I}

Example 36 Detenmination of preferred NDOUK isomer

A purthed isomer of 6 tailed NDO8 was prepaved and pusified. NDYS siraeture
corresponds with those desertbed in examples 34 and 33 above, The 6 tail indicates that
ail of the hydrogens of amine 98 have been reacted with the ND starting material, With
this liptd starting material, Hposomes were formulated af the following ratos:

NS cholesterol PEG2000-CerCT6:8IRNA = 15:5:7:1 {wi ratios). Figure 3
i

demonstrates the effectiveness of the NDOS 6 tail isomer in delivery of siRNA, which

Heetively stlenced FVIL

o

4

-

Hxample 37 Liposome particle size using various NDUE lipid starting materials

A plurslity of lipid starting materials baving the NDO8 structores {as provided in
axamples 34 and 3§ above) were formulated into liposomes, The particle size of the

Hposomes were evaluated, the results of which are provided in table 3 below:

138
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Formulation Particle Diameter (pm)}
D98 3 (Exp 1) 56
ND9S 4 (Exp D | 56
NDOS S (Exp D) 81
NDY8 6 (Exp D) 72

CNDYS Y {(Exp ) 38
TND98 2 (Exp 2) 104
NDOS3I(Exp2) 000 | 15
"NDOE 4 {Exp 2) 2
Siniled NDOS (Exp3 | 127

Hxample 38: Extrusion free iposome formudation

Liposome complexes were prepared using NDOS lipids. The formulations
inelude the following ratios: ND9&:cholesterol PEG2000-CorCIa:@RNA = 15571
{wt. ratios). The liposomes were prepared without extrusion, ss generally deseribed in
Example 32 above. Two samples were prepared, 8 first sample having the ollowing:
100 mM = siRNA prepared in 100 mM sodium acetate with a first dialyss step in 180
M acctate; and a second sample having 300 mM = siRNA prepared i 300 mM
sodium acetate with a first dialysis step in 300 mM acetase.

Figure 4 shows the results of an FV1 silencing assay, demonsivating the

comparative activity of the formulations made using the various processes,
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Frample 39 Regloselective svinhesis of vationic lipid 7 - strategy 1

Scheme 31°
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* Regioselective synthesis of cationic lipid 7 ~ Approsch |

g, {1334

Step 1. Prepavation of compound 9: Triethylenetetramine, I (48.83 g
mol, purchased from Sigma-Aldrich) in anhydrous acetonitrile (300 mb) was cooled
over an ioe bath wnder constant stirring, Ethyl trifloroacetate (79.6 ml, 0.668 mol} was
added 1o the solution and after completion of the addition the reaction mixture was
allowed o wanm o room temperature and stirred for 20h. Solvent and volafiles were

“~

removed under reduced pressure and the residue was dissolved in minimum amount of

e e "y "
R \5\;; R SN N g
§ 3
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warm dichivromethane (100 mL} and to it cold hexanes was added with stirring. The

precipitated prodict was cooled in ice and filtered to get a white solid {112.2 g, 9%}

Btep 2. Syunthesis of  2-{fert-butoxvearbomyi-{2-(2.3,2-trifluore-
acetylaminejethyii-amine}-2-(2,2,2-trifluore-acetylaminojethylj-carbamic scid ferd-
butyi ester 1313

The trifluroacetamide 9 {112.2 g, 0.332 mol) was dissoived in CHRCL/THE (800
w00 ml) and to it dilsopropylethylamine (129.25 g, 1 mol) was added and stirred
over an foe bath, Di-terebutyl dicarbonate (145 g, 0.664 wel, purchased from Sigma
Aldrich) in CHLCh (100 mL) was added drop wise to the reaction mixture and stizred
s‘s\sm‘ﬁig,‘m‘. Solvents were removed and the residue was stirred with 2 saturated solution
of NaHCO: (300 mL) and filtered snd washed with hexanes {100 mL) and dried ix
vaeno gt 45 °C overnight fo obtain the pure diboc compound as & white solid (167 g,
24041 TH ONMR for 113 (DMSO-d6, 400MHz) 8= 9.60-0.40(m, 2H), 3.35-3.15m,
I2HD, LA6(s, 18H) MS: CpHnFaNaQy Cal. 43817, Pound 43920000 MK
CapFlaaFsNgDy Cal. 338.22, Found 538.200M).

Step 3. Synthesis of (2-amino-cthyh-{2-{Z-amino-cthyl-fers

butoxyvearbonyl-aminel-ethylicarbamic acid fert-butyl ester

d

The acetemide 113 (167 g, 0.31 mol) was {aken in a stainless stes! prossure

3

mi} was added.

veactor and 1 i a solution of methylamine (33% by wi} 1n ethanol {200
The minture was warmed to 50°C and stirred for 24 h. Reaction was monttored by mass
spectra. Adl the solvents were removed under redoced pressure and the residue was
subjected to high vacuum at 80 °C o yield the product 114 (103 g, 96 %) a5 gunmy
Hnuid and this compound could be used for the next reaction with oet turther
purificstion, 'H NMR {CDChL, 400MHz) 8 = 3.20-3.00(m, 48}, 2.62-2.38 {m, &H},
1.32(¢s, 9H) M8 O HaaNQO Cal. 246,21, Found 246.20(M ).

Step 4. Synthesis of Michael addition product 118
The diamine 114 (103 g, 0.297 mmol}, N-dodecylacrylamide (336 g, 1487 mol}
and satursted solution of borie acid in water {30 mL) were taken fogether in a pressure

reactor and heated at 90°C for 4 days. The regction was monitored by TLC and Mass

3%
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spectra. The reaction mixture was exfracted inte dichloromethane {DOM), washed
successively with NaHCO: solation and brine, dried over anbhydrous sodium suifate.
Solvent was removed fa vaore and residue thos obtained was purified by silica gel
colonm chromatography {gradient clution- Ethyl acetate then 3-10% MeOH/DOM) 10
abtain 115 as a pale vellow solid (228 g, 39%) M8 Ol oNeOx Call 1303.16, Found
130420001

Step 8, Preparation of diaminello

40 HUY in dioxane (500 mL) was added o a solution of the diboc compound
118 (228 g, 0173 owl) in methano!l (100 ml) and the mixture was stirred at room
temperatire for 2 days. The reaction was monttored by Mass spectra. After the complete
disappearance of the starting diboc compound, the precipitated hydrochioride salt was
filtered, washed with THF {100 mL) and dried o get the pure salt as & white powder
{178 g, 93%). The above salt was treuted with saturated NaHCOCOy (11} and extracted
with dichloromethane {3 x 800 mL). The combined organic sxtracts wore dried and
concentrated 1o isolate the tetramer as a white solid (164 g, 85%) M3 Codl N0y Cal
1103,08, Found 1104.100M0).

Step 6, Syanthesis of 117. Compound 116 (164 g, 4% mmoly |, N-

LaX

dodecyvlacrylandde (35.6 g, 149 mmol) and saturated solution of boric acid n water (30
wel) were taken together in g pressure reactor and heated at 90°C for 3 days. Progress of
the reaction was monttored by TLC and Mass speetra. The reaction mwixture extracted
info dichioromethane (DUM), washed successively with NaHCO; solution and bring,
dried over anhydrous sodium sulfate, Solvent was remeoved fn vaews and residue thus
ahitained was purified by silica gel (2 Kg) column clwomatography {gradient elution-
B 395101 RE% TEAMeOH/DCM)Y to obtain $17 a3 a pale yellow sohid (838
4245} M CrgHisolNgOy Call 1303.16, Found 1304 4. 200M "), The material was campar;zd
with autheatic sample TLC {gualitative), HPLC and Mass specira. MS: CylHgaNetds
al, 1342,28, Found 134330(M ™

Step 7. Synthesis of the hydvochloride salt 7

The amine 117 {54 g, 40 mmol} was dissolved ethanct (100 mLl} and o i 208
mb of 268 HO in ether was added and the mixture was stirred at room temperatore
overnight. Nitrogen was bubbled to the reaction mixture snd the outlet was passed

through dryrite and to & 10% solution of KOH. After 30 minute, the reaction mixiure
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was concendrated o dryness and the residue was re-dissolved tn 500 mL of anhydrous
cthago! and the mixtore was concentrated in a rotary evaporator, This process was again
repeated once again and the thus obtained residue was dried in a vacuum oven at 43 °C
overnight, The pure product wag isolated as a cream powder {59.5 g, B9%)

Exsmple 40: Regloselective svathesis of cationie lipid 7 — strategy 2

2.4 s Ethyl triflurcaceiate I " g F
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- o - e a ﬁ 0 oF ‘? ( R T S S
Stepl: Triethylenctetramineg, 1 (200g g, 1.37 mol, purchased from Sigma-

Addrich} in acetonitrile €2 L) in 8 4 nock SL flask with overhead stivrer was cooled over

-~

an foe bath under constant stirring. Bthyl triflurcacetate (388.5 g, 2.74 mol} was added

trgs

to the stirsing solution and stirred for 20k, Solvent and volatiles were vemoved under

redoced pressare; the residue was tritursted with & mixture of DUM/Hexane and fitered
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t get 301 as white solid (429 g, 93%). The product thus obtained could be used for the
wext reaction without fucther purification. MS: CuHFeNeOr Call 33812, Found
33,‘}.3{&%"’}»

Stepd: Crude compound 101 (427g, 1.26 mol) was dissolved in a mixture of
sodvents {3 L, THF/DCM (1:2)) and stirred over an ice-water bath. DH-tert-butyl
dicarbonate ({Boek(, 270 g, 1.26 mol, purchased from Sigma Aldrich) snd DIEA (830
mL, 2.88 mol} were added to the reaction mixture and stirred overnight. Solvents were

sved and the residue way extracted into dichloromethane (DCM, 1000 mL}, washed
successively with NaHCO3 solution (300 mL}, water (500 mL 12} snd brine, dned over
anhvdrous sodium sulfate, Solvents were removed fr vacue and residue thus obtained

was witnrated with DCMMHexane (1) and Sltered. Solvents were romoved and the

residue was dried ander high vacuum o get the compound 182 gs gurmmy bqud (3233,
Part of the compound 102 was purified by silica gel chromatography {gradient
shution, Bihyl scotate, followed by 3-10% MeOH/DCM) to obtaln compound 182 as
gunnny Houid {'1{}2.(}{}3,}, HONMR for 102 (DMSO-d6, 400MH2) & = 9.680-9.10m,
3H), 335-3.250m, 4H), 3.25-3.20(2, 2H), 3.20-3.100m, IHY 2.68-2.58(m, 4}, 1338,
o). MR O FelNGQy Call 438,17, Found 439.200M).

Step 3 Purificd compound 102 (102.0g, 23340 mmeol} was dissolved in
EthanolMethyl amine (400 mi, 33 wi% methylamine solution in BtOH} at ambient
temperatare in a pressure reactor. The mixture was warmed o 90°C and stisred for two
days. Beaction was monitored by mass spectra. All the solvents were removed undey
reduced pressure and the residue was subjected to high vactum at 80 °C to yield the
product 383 (58,00 g, 99 %6) as gommy lgeid and this compound could be used for the
next reaction with out further purification. 'H NMR {CDChL, 400MHz) § = 3.20-
3.000m, 4H), 2.62-2.38 (m, BH), L32(s, 9H). MS: CuHoeNiOy Call 24621, Found
2472007},
Step 4 Triamine 103 (56.00 g, 227 64 munol), N-dodecylacrvlamide 327.00 g
1363 mmol) and satwrated solution of borie acid in water {30 mil} were taken tegeiﬁm* in

y TLO

¥

3
]

a pressure veactor and heated at 90°C for 6 days. The reaction was monitored

and Mass spectra. The reaction mixtare extracted into dichloromethane {(DOM), washed

b4z
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2

successively with NaHCO; solution (400 mL} and dried over anhydrous sodium sulfate.
Solvent was removed in veone and residue thus obtained was purified by silice gol
golumn chromatography {gradient clution- Ethivl acetate then 3-10% MeOH/DUOM; 1o
obtair 184 as o pale yellow solid {186 g, §7%). ' ONMR {CDCL, 400MH2Y & =
7 20(he, 1H), 7.08(bs, 1H), 6.85(bs, 1H)}, 6.74{bs, TH} 325-3.03{m, 12H), 2.80G-2.60
{m, ¥H} 25352210, 12H) 132-1.450m, 10H), 1.42{s, ¥H), 1.34-1230{m, 1OOH},
Q87(t, J= §.5Hx, ISH). MS: CaeHinNgOy Cal. 1442,33, Found 1443300

Step §: 4M HOY in dioxane (400 mL) was added into a selution of compound

198 (184.00 g, 127.23 mmeol} in dioxane {300 mL}. The reaction mixfure was then
allowed o stir for overnight, The reaction was monitored by Mass spectra. Exeess HC

was removed by passing nitrogen through the solution.  Solvents were removed under

vacuun and residue was co evaporated three times with ethanol (300 mL X 3} to yield s

pale vellow gummy solid 7 (186.00g | 98%) as fetra hydmaﬁxim‘iﬁ@ salt. The material

was compared with authentic sample TLU {quaditative}, HPLC and Mass spectra. MES:
CiaHeMaCs Call 1342.28, Found 13433 Q{\r{)

Meathod 2

Compound 182 was propared as deseribed in Method 1 steps 1 and 2. The crade
product obtained from step 2 of Method | was used for the next reaction without farther
purification.

Step 1t Compound 102 (103.45g, 338.90 mmel, crude compownd from step 2,

e

Method 1 was dissolved in Ethanol/Methyl amine {400 mi, 33 widc methylamine
solufion 1o BHOH) at ambient tomperature in @ prossure reacior. The mixture was
warmed to 80°C and stirred for two days. Reaction was monitored by mass spectra. All
the solvents were removed under reduced pressure and the residue was subjected to high
vacyumm at 80 °C over a water bath to vield the product 183 {63.50 g} as pale yellow
gummy Hguid asd this compound could be used for the next reaction with out further
purification.
Step 4 Triamine 103 {63.50 g 238 mmol), N-dodecylacrylamude (320.00 g
1338 nunoel) and saturated solution of borie acid in water (50 mL} wers taken together in
a pressure reactor and heated at 90°C for 6 days as deseribed in step 4, Method 1. The

reaction was monitored by TLC and Mass spectra, The reaction mixture exiractad mto
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dichloromethane {DOM), washed soccessively with NalHCO; solution (408 ml) and
dried over snhydrous sodium sulfate. Solvent was removed i vacus wnd residoe thus

obtaimned was puribied by silica gel column chromatography {gradient elution~ Eth

acetate then 3-10%% MeOH/DICM) to obtain 104 as a pale yellow solid {632 g, 20%),

i

\r‘

Step & 2M HCU in cther (800 mL) was added to compound 185 {8300 g, 45

A

mmol), T

o

1 yeaction mixture was then allowed to stiv for overnight. The reaction was
monitored by Muss spectra, Excess HCY was removed by passing nitvogen through the
solution.  Solvents were removed under vacuoum and residue was co gvaporated thres
times with ethanol (300 mL X 3} to yvield a pale vellow gummy solid 7 (66 | ¥8%) as
tetra hydrochioride salt. The material was compared with authentic sample TLC

{qualitative), HPLC and Mass spectra. MS: ColiaNeGDs Call 1342.28, Found

Compound 162 was prepared as described in Method ©: steps 1 and 2. The crude
product oivained from step 2 of Method | was used for the next reaction without further
purification.

Step3: Compound 1682 (105.20g, 240 mmeol, crude compound frow method T}
wag dissolved in EthanolMethyl amine (400 mi 33 wi% methylamine solution
BtOH) af ambient temiperature in & pressure reactor, The mixture was warmed to 90°C
and stirred for two days. Reaction was monitored by mass spectra, All the solvents were
removed under reduced pressure and the residne was subjected {o high vacuuns at 807°C
over & water bath to vield the product 103 (6470 g} as pale yellow gummy lgoid and
this compound could be used Tor the next reaction with out further purificalion,

Step & Trimmine 103 (6470 g, 240 mmol), N-dodecylacrylamide (370,00 g,

~

1569 numel) and saturated solution of borie acid in water (S0 mil} were taken together in
a pressure seactor and heated at 90°C for & days. The reaction was monifored by TLU
and Mass spectra. The reaction mixture extracted info dichloromethane (BUM), washed

sucoessively with NaHCO; solution (400 ml) and dried over anbydrous sedium sulfate,

P

Solvent was vemoved o vecows and residue thus obtained was punified by silios ge

{}

column chromatography {pradient clution- Ethyl acetate then 3-10% MeOH/DOM] 1o

oblain 104 as a pale vellow solid (192 g)

143



WO 2008/042973 PCT/US2007/080331

o~

Step $: The desired compound 7 was obtained as bydrochioride salt from
compound 104 as deseribed in step 5, Method 1 of Example 40, Compound 70 194g

{989} as tetre hydrochionide salt. The material was compared with authentic sample
TLE {qualitative}, HPLC and Mass spectra, MS: CuiHeeNeGs Call 134228, Foun

£

§ 134330007
Example 4l Comparison_of activity_of siRNA_ formulated Inte various
assoctation complexes having ditfering PEG-lipid moiehies:
The effectiveness of lipid compositions can be {ested by delermining the relative
18 abilily of g lipid to deliver an SIRNA moety to a target. For exampie, the silencing of g
target mdicates that the siRNA s delivered into the cell. Applicants have compared
assoctation complexes that inchude one of 13 different PEG-lipid moictics as provided in
Figure §, togother with siRNA that is used to silence Factor VI {FVIL
PEG-lipids 1-13 wore synthesized using the following prococures:
18
Scheme 1°
H C‘-“\\-{.z"«GH
r\"g
| DST, TEA o
E [}CM; ‘ HENN‘/'\V(Q,%'/'\O:?\V,QMQ
L OPORT \
¥ 3
99 mPEGmorNHz g R
e 8 IR <X i Aot e Sl ot
Wy - ) M * 3t
5 0‘! Py DCM "
R 0°C-RT 4aR=
23R = Qe AR =
SHR=( ‘hSHSS 4 p o
WR= L«qﬁ?“!:;;-’ CR=
# Nchema 1 mPEGIO00-1,2-Di-Callol-sn3-carbomoyviglyeeride
Preparation of compound 5: 1,2-Di-O-tetradecyl-sn-glycende 1 (34 g, 618G
29 mmel} and N A -succinimidyicarboante {DSC, 23.76 g 1.5eq) were fsken  in

dichioromethane {DUM, 500 mL) and stirred over an oo water mixture. Trcthylamine

{2530 mi, 3ou) wes added to stirving solution and subsequontly the reaction mixture

was allowed W stiv overnight af ambient temperature. Progress of the reachion was
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monttored by TLC. The reaction mixture was diluted with BDOM (408 mL} and the

v
N

organic layer was washed with water (2X500 mL), agueous NaHCQy solution {300 mL

e

fpllowed by standard work-up. Residue obfained was dried al mmbient temperature
under high vacoum overnight. After deying the crude carbonate 3 thus obtained was
dissolved iy dichloromethane (500 ml) and stirred over an ice bath. To the siiming

solution mPEGeep-NHz (4, 103.00 g, 47.20 mmol, purchased from NOF Corporation,
Japan} and anhydrous pyndine (80 mL, excess) were added under argen. The reaction
mixture was then allowed stir at ambient temperature overnight, Solvenis and volatiles
were romeved under vacuom and the vesidue was dissolved i DOM {200 ml) and
charged on g columm of siliea gel packed in ethyl acetate. The column was initially
i ethy! avetate snd scbsequenily with gradient of 5-10 % methansl in

5.3 KEARE

NMR {CDOY, 400 MH2)Y & = S20-5.120m, 1H), 4.18-4.01{m, IH), 3.8¢- {m, 2H},
3.70-3 200w, ~O-CHp-CHa-0-, PEG-CHy), 2.10-2.01{(m, 283, 1.70-1.60 (m, 2H), 156

1.480m, 4H), 1.31-1.15(m, 48H), 0.84{t, J= 6.5Hz, 6H). MS range found: 2660-2836,

shuted wit

dichloromsethane to afford the desived PEG-Lipid & as a white solid (10

Preparvation of 4b: 1,2-Di-O-hexadeeyl-sn-glycenide 1b {100 g 1,848 nmunol)
and D80 (3716 g, 1.5eq) were taken together in dichioromethane (20 ml) and cooled
down to §°C in an ice water mixture. Tricthylamine (1.00 mi, 3eq) was added to that
and stirred overnight, The reaction was followed by TLC, diluted with DCM, washed
with water {2 times), NalHCO; solution and dried over sodium sulfste. Solvents were
vemoved under reduced pressure and the residue 2b under high vacuum ovemnight. This
compound was divectly used for the next resction withowt further purification
MPEGayop-MHy 3 {1.50g, 8.687 mumol, purchased from NOF Corporation, Japan} and
compound from previous step 2b (0.702g, 1.5¢q) were dissolved in dichloromethane (20
mi} under argon. The reaction was cooled to 0°C. Pyridine {1 mL, excess) was added 1o
that and stirred overnight, The reaction was monttored by TLC, Solvents and volatiles
were remmoved under vacuom and the residuc was purified by chromstography (first
Hihyl avetate then 5-10% MeOH/DCM as o gradient clution} to get the requred
compound 4b as white solid {1.46 g, 76 %). "H NMR {CDCH, 400 MHz} § = 5174, I

3.5Hz, U, 4.13(dd, F= 4.00Hz, 11.00 He, IH), 4.05(4d, = 5.00He, 11.00 He, 1H),

382-3.78m, 2H), 30-3.20m, ~O-CHp-CHp-(0-, PEG-UHy), 2.08-1.500m, 2H), 1.80-

146



ol

13

WO 2008/042973 PCT/US2007/080331

170 {m, 2ED, 1.61-1.45¢m, 6H), 1.35-1.17(m, S6H), 0.85(t, J= 6.5Hz, 6H). MS range

found: 27162882,

?ugmmtsm of de: 1,2-Di-O-cctadecyl-sn-glyceride 1o (4.00 g 870 mmol} and

£

DSC {2.58 g, 1.5eq) were taken together in dichloromethane {68 mL} and cooled down

1w 0°0 Inan toe water mixture, Triethylamine (2,75 mi, 3eq) was added o that and

stirred overnight,

Fr

w

The reaction was followed by TLC, diluted with DCM, washed with
water {2 Hmes), NaHCO; sclution and dried over sodium sulfate. Solvents were

emoved under reduced pressure and the restidue under high vacvum overnight. This
componnd was divectly wsed for the next reaction with further punification. MPEGyg-
NH; 3 {1.30g, 0.687 mumol, purchased from NOF Corporation, Japan} and compound
frean previcus step 2 {0.700g, 1.5¢q) were dissolved in dichloromethane (20 mL} under
argont. The reaction was cooled to 0°C. Pyridine {1 mL, excess) was added to that &
stirrad overnight. The reaction was monitored by TLC, Solvents and volatiles were
vemoved under vacvum and the residoe was punified by chromglography (firgt Ethyl
acetate then 5-10% MeOH/DCM as a gradient elution} to get the requimﬁ compound 4 £
a3 whise solid (092 g 48 %) 'H NMR (CDCL, 400 MHz) § = 5.22-5.15(m, 1H),
4.16(dd, J= 400y, 11.00 Hz, 1H), 4.08(dd, J= 5.00Hz, 11.00 He, 1H), 3.81-3.75{m,
2H), 3.70-3.208(m, -0-CHCHp-0-, PEG-CHy), 1.80-1.70 (m, 2H}, 1.60-1.48(m, 4H),
1311 150m, 84H, 0.85(1, J= 6.5Hz, 6H) MS range found: 2774-2948,
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Scheme 2°
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Preparation of mmpuund fa: ?2e-Di~()mteimdfsayi*m~g§vcméa fa {100 g,

206 mmol}, succiiie anhydride (0.416 g, 2 og) snd DMAP (0.628 g, 2. 50} werp taken
topether in dichloromethane (20 mL) and stirred overnight. The reaction was followed

10 by TLC, diluted with DOM, washed with cold dilute cliric acid, water and dried over
sodivm sulfate. Solvents were removed under reduced pressure and the restdoe under

Ingh vacuum overnight. This compound was directly used for the next reaction with
further pﬁi‘iﬁcatioa MPEGoug-NHz 3 (1.50g, 0687 mmol, purchased from NOF
Corporstion, Japan), compoond from previcus step Sa (0.66g, 112 og) and HBTU

{0.430g, 113 mmol) were dissolved in a mixtare of dichloromethane/OME (21, 20 ml)

e
G

¥ w

under argon. DIEA (0358 ml, 3 oq.} was added fo that and stwred overmight. The
reaction miixture was transferred to a large flask and removed the solvents and volatiles
under reduced pressure. The residue was doed under high vacuum oversight and
purified by chromatography (Brat ethyl acetate then 5-10% MeOH/DCM as 2 gradient

29 elution} to get the required comp{mnd 6a as white solid (0.822g 43 %) 'H NMR
{CDCH, 400 MHz) § = 6.34-6.30(m, 1H), $.16{dd, J= 4.00Hz, 1100 Hz, 1H}, L.08(dd,
B3 00Hz, 1100 He,  1HY 3.82-3.78(m, 2H), 3.70:330m, -O-CH»CH»-O, PEG-
CHyy, 2.64 {8, B= 7.00Hz, 2H), 2,430, F= 6.80Hz, ZH},1.76-1.72{m, 2H), 1.56-1.48{m,
48}, 1.34-1160m, 48H), 0.85(¢, J= 6.5Hz, 6H). MS range found 2044-2804.

b;v.u
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3

Prepavation of compound 6b: 12-Di-O-hexadecyl~sn-glyceride 1h (100 g,

yr«/

1.84% nunel}, succinie anhydride {0.0.369 g, 2 oq) and DMAP {0863 g, 2.5eq} were

:
LK

taken together in dichloromethans (30 ml) and stired overnight. reaction was
followed by TLC, diluted with DOM, washed with cold dilude citrie aoid, water snd
dried over sodium anlfate. Solvents were romoved under redoced presswee and the
residue under high vacuuwm overnight. This compound was direetly used for the next
vegetion with further purtfication. MPEGopee-NH: 3 {1.50g, §.687 munol, purchased from
NOF Corporation, Japan}, compound from previous step Sb {0.66g, 113 mmel} and
HEBTU (04008, 1.05 mmol} wore dissolved in a mixture of dichdorornethane/DMF {2:1,
28 mLy under argon, DIEA {0338 ml, 3 eg) was added 1o that and stirved overnight
The veaction mixture was transferred o a large flask and remmoved the solvents and
volatiles under reduced pressure. The residue was dried under hugh vacuum overnight
snd purified by clvomatography (frst othyl acetate then 5-10%¢ MeOH/DOM a3 &
gradient chation) o get the reguired compound 6b as white solid {0.300g, 16 %) 'H
MNMR {CDOL, 400 MHz) § = 6.33-6.28(m, 1H), $.18(dd, }= 4.00Hz, 11.00 Hz, 1M
4.08(dd, = 5.00Hz, 1100 Hz, 1H}, 3.82-3.76(m, 28}, 3.70-3.30m, ~O-CH-CH {L,
PEG-CH:), 2.65 {1, J= 7.08Hx, 2H), 2.44(3, J= 6.83Hz, 2H), 1.76-1.6% {m, 2H}, 1.5%
1.48(m, 45}, 1.33-1.17(m, 56H), 0.80{t, J= 6.6Hz, 6H}). MRS range found: 2640-2822

‘w../

Preparation of eompound 6¢: 1,2-Di-Oroctadecyl-sa-glyceride 1o {5.00 g, 8.37

mmaol}, succinic anhvdride (1,70 g, 2 eg) and DMAP {2.53 g, 2.5¢q) were taken together

AN

;

in dichioromethane (530 mvl) and stirred overnight, The reaction was followed by TLE,
diluted with DCM, washed with cold dilute citric acld, water and dried over sodium
sulfate. Solvents were vemeved under reduced presswre and the residue under high

acuunt overnight, This compound was directly used for the next reaction with forther
purification, MPEGagne-NHz 3 {1.50g, 0.687 numel, purchased from NOF Corporation,
Tapswy, compound from previous step Se (8.718g, 1.03 mmol} and HBTU {(0.410g, 1.08
mimol} were dissolved in g mixiwre of dichloromethane/DMF {211, 20 mL} onder argon.
PIEA (0350 mL, 3 eq.) was added 1o that and stired overnight, The reaction mixiure

was transforred to g large flask and removed the solvents and volattles vnder reducsd

pressure. Vhe residue was deied umder high vacuum overnight snd purtbied by
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chronmalography (first sthyl acetate then 3-10%9% MeOH/DICM a8 a gradient clubion) to
st the required compound 6¢ as white solid (1.1 g, 56 %) 'H NMR {CDCl, 400 M¥)
n33(m, 1H}, 4.‘19{&(&, = 4.00Hz, 11.00 Hz, 1H), 4.07(dd, F= 3.00Hz, 1100
Hz, M) 335R3.740m, 2H), 3.70:3.200m, -O-CH-CHy-0O-, PEG-CHay, 283 (4, J=

]
o
3 .4‘}
263
y
fod)
a3

3 TO3Hz, 2H)Y, 243, J=6.87Hz, 2H), 1.76-1.68 (m, 2H], 1.57-1.4&m, 4H), 1.32.1 . 170n,
G4H), GLB6{, F= 6.60Hy, 6H). MS range found: 2680-2922
Scheme 3°
; y Q
N o \,\.&'\V.Q-\qf“'\_,-‘h\QH o
Vo g . o £
K = “‘“““EE‘E"“““P ?"t'vr\}ﬂ\\:ﬁ/‘x@xﬁ\\g"\‘\:{gw"'v\)v*{}i\,f ‘G': s Ohe
. DO . o Vi
" "T\;‘;’RQH 8 R = DygHa
RN 8 R = LiaHag
8o R = CygHy
1 B = Coghag o R 8 Oy
1h & = Cyghn
IeR = ‘:‘;5:*‘13?
12
* Rcheme 3 mPEGR000-1,2-Di-O-atkyl-sn3~succinylglyeeride
Preparation of compound 8a: 1.2-Di-O-tetradeeylsn-glyveeride 1n (0.300 g
5,618 mumel), MPEG-Succinate 7 (1.00g, 0.476 nunol, purchased from NOF
15 Corporation, Japan), DCC (0127 g, 13eq) and DMAP (0058 g 0.476 mmol) were

taken in dichloromethane (20 mb) under argon and stirred overnight. Reaction was

monitored by TLC, The reaction mixture was cooled to 0°C after siiring overnight and

filtered off the precipitated solid. Volatiles and solvents were removed under reduced

pressure and the resulting residue was pwrified by chromatography {(first eluted with
2% EIOAg, followed by 5-10 % DOM/MeOH gradient elution) to get the compound 8a as g
solid (0.590 g, 48%). 'H NMR {CDCls, 400 MHBz) § = 4.25-8.18(m, 2H), 4.08(d4,
= 560, 11L30 Hp, 1H), 3.80-3.730m, 2H), 3.70-3380m, -O-CH-CHp Qe PEG-
CHal, 136147 m, 4H), 1.30-1.15{m, 48H), 0.85{, J= 6.60Hz, oH). MS range founds
2440-3708

Tad
A

Preparation of compound 8b: 1.2-Di-Cr-hexadecyl-sn-glyceride 1h 0334 g,
0618 mmoly, MPEG-Succinate 7(1.00g, 0476 mumol, purchased from NOF
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Corporgtion, Jepan), DCC ({0137 g L3cg) and DMAPR Q058 g, 5476 mmol) were
taken in dichlorowmethane (20 mL) under argon snd stirred overnighi. Reaction was
monitered by TLC, The reaction mixture was cooled to 0°C after stirring overnight and
filtered off the precipitated sohd, Volatiles and solvents were removed vader reduced
pressure and the resulting residue was pwrified by chromatography (first cluted with
£1OAg, {oliowed by 5-10 9% DOMMeOH gradient elution} to get the compound 8b as a
white solid {0930 g, 74%). 'H NMR (CDCh, 400 MHz) § = 4.25-4.1 T, 2H), 1.09(d4,
F= 550z, 1150 Hz, 1H), 381-373Gn, 2H), 3.70-3.300m, -O-CH-CHy-O-, PEG-
Ol LER1.4T0m, 4H), L3011 m, S6H), 0.86(y, J= 6.60Hz, 6H}. MS range found:

2452276,

u.,/

Preparation of compound 8o 1,.2-Di-O-octadecylsn-glyeeride Yo {0.36%8 g
3818 mmol), MPEG-Succtnate 7 (1.00g, 0476 mmeol, purchased frem NOF

Cosporation, Japan), DCC {0127 ¢ 1.3eg) and DMAP (0.058 g 0,476 mmol) were

j.

m
fecc)
o
541
o1
=
2
%

%

ichioromethane (20 mL) under wrpgon and stired overnighl. Reaction ws
monitered by TLC, The reaction mixture was conled 1o 0 °C after shuring overnight and
filtered off the precipitated solid. Volatiles and solvents were removed under redhiced
wressure and the resulting residue was purified by chromatography {first cluted with
FitOAg, followed by 5-10 % DOM/MeOH gradient elution) to get the compound 8c s g
white solid (0.960 g 75%) 'H NMR (CDCL, 400 MHz) 8§ = 4.37-4.200m, 2H),
1000, I= 580Hz, HLA0 Hz, 1H), 3.83-3.74(m, 2H), 3.70-:3.350m, ~O-CH-CHe

PEG-CH) 1.54-1460m, 4H), 1.30-1.17(m, 64H), 0.86(, I= 6.60Hz, 6H}). MS range

fonnh 25082818

Scheme 4°
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* Scheme 4; mPEG2000-1,2-D-Clacyl-sa3-succinylglyceride

Proparation of compound 10a: 1,2-Dimyristovl-an-glyeerel 92 (0317 g 4618

§ mmol), MPEG-Succinate 7 {1.00g, 0.476 mmol, purchased from NO¥F Corporation

Japan), DOC {0127 g 13eg) and DMAP (0.058 g, 0476 mmol} were taken m
dichloromethane (20 mL) under argon and stirved overnight. Reaction was monitored by
TLC, The reaction mixture was cooled to 0°C after stirring overnight and filtered off the
wecipitaied solid, Volatiles and solvents were removed vnder reduced pressure and the
10 resulting residue was purified by chromatography (first elofed with BtOAg, followed by
S-10 % DOMMeOH gradient clution) to get the compound 18a as & white solid {8960
¢ 7A%) TH NMR (CDCh, 400 MHx) 8§ = 5.26-53.20{m, 1H), 4.30-4.08{m, 6H}, 381~
3{m, 2HY, 3.70-3400m, ~O-CHp»-CH;-0-, PEG-CHy), 2.65-2.60(m, 44}, 2.35-2.28(m,

~

SH), 1.63-1.530m, 4H}, 1.30-1.150m, 44H), 0.86(t, J= 6.60Hz, 6H). MS range found:

1
%)

Ly 5]

Preparation of compound 16b: 1,.2-Dipalmitoyl-sn-glycerel 9b {(8.352 g, 0618

mnol), MPEG-Succinate 7 {1.00g, 0.476 nunol, purchased from NOF Corporalion,

Japan), DOO (0127 g 1.3eg) and DMAP (0058 g 0476 mmol} were taken in

at
28 dichloromethane {20 ml) ander argon and stirred overnight. Reaction was monitored by
TLO The reaction mixture was coolad to 0°C after stirring overnight and filtered off'the

precipiiated solid, Volatiles and solvents were removed under reduced prossuse and the
resulting residue was purified by chromatography (first eluted with Bt Ac, followed by
5-10 % DOMW/MeCH gradient elution) to get the compound 10k as a white solid (1.02 g,
81963, 'H ONMR {(CDChL, 400 MHz) § = 3.26-5.19m, 1H), 430-4.05(m, M}, 3.80-
?.4@{1’53, OO0, PEG-CH,), 2.65-2.600m, 4H), 2.33-2 24{m, 4H}, 1.63-1.5m,
4H), L.30-1.15¢m, S2H), 0.85{, J= 6.00Hz, 6H). MS range found: 232427901

1532

g
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Preparation of compound 10¢: 1,2-Distearovi-sn-glycerol e (L3R8T g, (L6158
wmol), MPEG-Succinate T (1.00g, 0.476 mmol, purchased from NOF Corporation,
Japart}, DOC {0127 g 1.3eg) and DMAT {0.058 g, 8,476 numel) were taken in
dehloromethane (20 mL}Y under srgon and stirred overnight. Reaction was monifored by

TLC. The reaction mixture was covled to 9 °C after stirring overnight and filtered off
the precipitated solid, Volatiles and solvents weore removed under reduced pressure and

¥

the resulting residue was purified by chromatography {first elated with Bt0Ac, followed

o

ot
Ly

r B10 % DOMMeOH gradient elution) to get the compound 18e as a white solid
{1.04 g, 80%). "H NMR {CDCl;, 400 MHz) 8 = 5.26-5.19(m, 1H}, 4.30-4.05(m, 6H},
3.R0-3.400m, ~O-CHo-CHR-0-, PEG-CHy), 2.60-2.59(m, 4H), 2.31-2.26{m, 4H}, 1.63

1.520m, 411, 1.30-1.15{m, 32H), 0.85(t, J= 6.60Hz, 6H}. MS range found: 2340-2844,

4

s
L
1ad
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Preparation of compound 13: mPEG-OH 11 (6.00y
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. 3 o, purehased

from Sigme-Aldrich), Cholesterol hemisuccinate 12 {1.50 g, 3.08 mmol mmeol} aud

1 HBTU {1.13g,

Solvents and volatiles were removed ander reduced pressure.

unsder high vacuwm overnight and purified by chromatography (first ethy

323 mumol) were dissolved in g mixtare of dichioromethane/DMFE {24,

by

3 eq.) was added to that and stirred pvornight.

The restde

& was drigd

scetate then -

10% MeOH/DOM as a gradient elution) to get the required compound 13 as white solid

HONMR (CDC, 400 MHD S =

5 {5.05g 6% %)

4334 18w, 2H), 3.80-3.76{m, ,...zi} 723 4@(311, ~O-CHpCH -0, PRG-C

154

= 5.35-5.280m, TH), 4.60-4.50n

. 14
) 264

nee fhand: 23902654,
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Prepavation of 1

Step 1 Compoand 14 (2.00 g, LOI mmoly and cholesterol chloroformate 13

{1,453 g, 1.0Immol} were taken together in dichloromethane (20 mL}. The mixture was
3 cocled in an ice-water bath, Trcthylamine (0.948 ml)y was added and the reaction
sigture was stirred overnight, Reaction was momtored by TLC, Solvent was remnved
and the residue was purified by silica gel chromatography (Hihy! acetate followed by S-
109 MeOHDOM) o get the desired compounnd 16 {1.10g, 4540 %}, HONMR {CDC,
400 MMz 8 = 5.35m, 1H), 5.150m, 1H), 3.40-3.85(m, O-CH»-CHa-0}, 310-335(m,

1GH), 0.80-2.380m, 44H, Cholesterol). MS range found: 2220-24%4.

oss
=
proc

Step 20 Compound 16 {1.00g, 0417 mmol}, 17 {0.235g, 0.542 mmol} and

HBTU (6.190g, 0.5 mmol} were taken in a mixture of DOM/DME (20 mL, 2:1} To that

DIFEA was added and stirred overnight, Reaction was monitored by TLL, solvenis were
15 removed under reduced pressure and the residue was purified by chromatography {5-

10% MeQH/DICM) to get the desired compound 18 {1.02g, 87 %l HONMR (DMSO-
g6, 400 ME2) &= 7.82(d, F= 806 He, 1H), 7330, 3= 7.02 My, TH) 725t 3= 732 He,
1H}, 5.2%m i} ES{d < 3,2 Hz, 1H) r,§2(dds J= 3017, 1123 He, VHY, 4.430m, 1H),
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3H), L84¢s, 3H), 1774, 3H), 0.80-2.38(m, 44H, Cholesterel). MS range found: 2680-

Step 3 Compound 18 {1.02g, 0.362 mmel) was dissolved v a mixture of

£t

MeGH/DOM {10 mL} to that 0.5 M solutton of NaOMe in methanol {excess) was added
and stivred overnight. Progress of the reaction was monttored by TLC. The mixture was
neutralized with AcOH, Solvents were remoeved under vacuum and the rosidue was
purified by chrommtography (3-10 % MeOH /DCM) to get compound 19 (280 mg,
30%6). TH NMR {CDCE, 400 MH2) 3 =3 38{ n, 1H), 4.02-4.060m, THY, 3.30-3 80m, O~
10 CHR-CHR-0), 3.20-3.280m, SH), 2.08(s, 3H), D.80-2 38{m, 44H, Cholesterol). M3 range
foursd 2600-2800.

Examoie 43 Tarsoted PEG-lipids

HN 0Oy
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Preparation of 23:

Step 10 Compound 14 (200 g 1.O1 mmol} and compound 2¢ ({433 g
1.0 amel) were taken together in dichloromethane (20 mil). The mixture was cooled 1

an ive-water bath, Pyridine {1 mL, excess) way added and the reaction mixture was
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stired overnight. Reaction was monitored by TLC, Solvent was removed and the
residue was purified by sihea gel chromatography {(Ethyl acetate followed by 5-10%

MelHEDUM} to get the desived compounnd 21 {400 mg, 15 %), M ONMR {CDC, 400
MHz) § = 5.20{(m, 1), 405-4200m, 2H), 3.20-3.80(m, O-CH,-CH-(y, 1.70-1 82({m,
HY, 150-1.910m, 2 i} 1.18-1.380m, 60H), 0.87¢, I= 6,30 Hy, 6H). MS range found:

2400-2750,

Step 2 Compound 21 {0415 g, .159 mmoly, 17 (6.100g, 1.3 g} and HBTU
{0.90g, 1.15 o) were taken in a mixture of DCMDME (20 mL, 2:13 To that IHEA (82

mi} was added and stirred overnight. Reaction was monitored by TLED, solvents were

remmoved under reduced pressure and the residue was purified by chromatography (3-
1% MeOHDCM) o get the desired compound 22 {0.450g, 94 a}. B ONMER (DO,
A00 MHx) & = 6.21{d, F= 870 Hz, 1H), 533(d, = 270 Hz, IH}, S.158820m, IH},

455(d, I= RIS Hz, 1H), 4.01-4.200m, 4H), 3.20-3.90(m, {-CH-CH-On, 2144, 3H),
2.03(s, 3H), 1.99(s, 3H), 1.93{s, 3H}, 1.70-1.820m, 4H), 1.50-1.610m, 44}, L17-1.38{m,
{3.8641, 3= 6.32 Hz, 8H}. MS range found: 2800-3200.

Step X Compound 22 {0450 g, 0.359 mmol} was disselved in a mixture of
MeGH/DOM (§ mb) to that 0.5 M solution of NaOMe in methano! {excess) was added

and stivred overnight, Progress of the reaction was monttored by TLC, The mixture was

L3

neutradived with AcOH, Solvents were removed under vacoam and the residoe wa

A%

urified by chromatography (5-10 % MeOH/DCM) to gt smm'pem‘;_d 23 €365 mg, 8
"}/\r HONMR (CDCh, 400 MH2) 8 = 5.18(m, 1H), 4.05-4.20(m, 43, 3.20-3.900m, -
;E‘Eg*\{:‘}j T.05(s, 3H), 1.71-1800m, dH), 1.50-1.601{m, 4H), L17-1.38%{m, 60H),

QU873 632 He, 6H) MS range found: 2760-3000.

3,

]
P;y-d
b

3
%

provided a varving degree of silencing of FVIL For example, formulation 3 provided 2

relative high degree of silencing of FVIL, as did formulation 5, 6§, and 12,

(")
24

Exsmapie 44: Tolerability of formulation LNPG1 a3 dosed inmic

Brpty Hposemes with composition NDOS cholesterol:PEG-Ci4 = 42:48:18

{molar vatio} were prepared as descrtbed in Example 45, Different amounts of stRNA

187
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were then added to the pre-formed, extruded empty Hposomes to j«‘iﬂﬁ formuiations with
inittal total excipientsiRNA ratios of 30:1, 2041, 154, 104, and 511 {wirwt}
Prepargtion of & formulation at a total excipient:siRNA ratic of 511 resulis in an excess

of siRNA in the formulation, saturating the lipid loading capacity. Excess siRNA was

,m
A

then removed by tangential flow filtration using a 100,000 MWCO membrane sgains
volumes of FBS, The resalting formulations were then administered to C3TRL/G mice
via tail vein injection ot 10 mp'kg siRNA dose. Tolerability of the formulations was
assessed by meavuring the body weight gain of the antmals 24 h and 48 b post
administration of the formulation, the results of which are provided in Figure

¥

Ixample 45 Formation of association complexes by first forming unloaded

Ky

complexes and then treating the unloaded complexes with siRNA and administeation of

association complexes including twe therapeutic agents

Association complexes having two different nocleie aeid moieties were prepared
as follows. Swock solutions of NDOS, cholesterol, and PEG-CH4 in ethano! were
prepared st the following concentrations: 133 mg/mb., 25 mg/mi, and 100 mg/ml for
NDOR, cholesterel, and PEG-Cl4, vespectively. The liptd stocks were then mixed to

vicld WDOS cholesterol: PEG-C14 molar ratios of 42:48:10, This mixtore was then

«

1

added to aguesus bulfer resulting in the spontancous formulation of lipid nanoparticles
in 35% othanol, 100 mM sodium scetate, pH 5. The unloaded lipid nasoparticles were
then passed twice through a 8.08 gm membrans (Whatman, Nucleopore} ustng an
extruder (Lipex, Northern Lipids) to yield unimodal vesicles 20-100 nen fn size. The
appropriate smount of $IRNA in 35% ethanol was then added o the pre-sized, unloaded
vesicles at a total excipientsiRNA ratio of 7.5:1 {wtiwi). The resulting mixture was
then incobated st 37 °C for 30 min to allow for loading of RN A into the hpid
nanopartivles. After incubation, ethanol removal and buffer exchange was performed hy
cither dialysis or tangential Sow Gltration against PBS. The final formuiation was then
sterite fltered through @ 0.2 wn filter. A How chart demonsirating the order of addition
of exhipionts snd therapeutic agents is provided m Figure 8.

A 11 mixture of siRNAS targeting ApoB and Factor VI were formmiated as

described i Bxample 44. Scparately, the same ApoB- and Factor Vi-targeting siRNAs

were individually formulated as described in Example 31, The three formulabions were
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then administered at varying doses in an injection volume of 10 pl/g antmal body
weight. Forty-eight hours after administration, serum samples were collected by
retroorbital bleed, snimals were sacrificed, and Hvers were harvested. Ssrum Pactor VH

concenirations were determined using a chromogenie diagnostic kit {Coaset Factor Vi1

5 Assay Kit, DiaFPharma) according o manolacturer jg}mmz:{}is. Liver mRNA levels of
ApoB and Fector VI were defermined using a branched-DNA (bDNA) assay
{Quantigene, Panowdes), the results of which are provided in figure 8. No evidence of
inhibition between the two therapeutic agents was observed. Rather, both of the
therapeutic agents demonstrated effectivencss when administered.

13
Brample 46: Methods of muking gssocigtion compiexes using preformed
vesicles
Lipid Stock Preparation
Stock solutions of lipidoid NDOS-4HCT (MW 1487}, cholesterol, and PEG-CH4

5 were prepared in ethanol at the following concentrations: 133 mefmi, 25 myp/mi, and
100 mp/mi for ND98, cholesterol, and PEG-CT4, respectively. Bfock solutions were
warmed at SOV {0 assist in bring lipids into solution,

Fmpty Vesicle Preparation

20 The lipid stocks were then mixed according to the volumes listed below o yield
WD E cholesteroh PEG-C 14 molar ratios of 42:48: 10, As agueous mixiure was also
prepared according to the volumes listed in the table below.

Volume Lipid Mbdure {mbL}
NDBS Crolesterof | PEG ~ Totaf
58.250 90.000 31.500 177758
Aguecus Mixturs {ml}
3
Water MNaGac Ethanol Totat
37R.000 27.000 R K T 4aB a7
25 The sthanolic Lipid Mixture was then added to the Aqueous Mixture while

Fy

sapidly stirring on & magnetic stix plate. Upon mixing, lpideid vesicles formed
139
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spontancousty. The resulting vesicles were then extruded {2 passes) through a (.08 p
:

membrane { Whatman, Nucleopore} to size the emply vesteles. Al manipalations were

performad at room femporature,

Loading of Empty Vesicles with siRNA

An siRNA stock sohution was prepared by dissobving desalted duplex siRNA in
50 mb sodivm acelate pH § at 8 concentration of 10 mg/ml. An appropriate volume of
this siBNA stock was mixed with the appropriate vohume of ethanol {o vield o diluted

sIRNA solution in 35% {vol} ethano! {sec table below).

siIRN & Bilution

sSiRNA
Stock SIRNA
(mgimi) | {50 nMNaOAQ) | Ethanof | Total
TR 180,560 56573 576,925

277 mL of diluted siRNA solution was added to 623 ml of empty vesicle
mixture while rapidly stirring on a magnetic stir plate. The resulting cornbined mixiure

was then incubated at 37°C for 30 min to allow for loading of siRNAL

Ultrafiliration and Terminal 6.2 p Filtration

After incubation, the %00 mi loaded nanoparticle mixture was diluted intp 18 L
of PBAR to vield a 2.7 L diloted mixture. This diluted mixtore was then concentrated to ~
i L and dinfiitered by tangential flow filtration against 18 volumes of PBS using a
Sartorius TFF system utilizing two stacked 100,000 MWCO cariridges. Mo back-
presyure was spphed to the cartridge and the pump speed was sef to 300 rpm. Afte
baffer exchange the resulting sohstion was concentrated to roughly 2 mg/ml siRNA.

Termingl filtration was performed by passing the solution through & 0.2 » filter
capsulo {Whatman, Polycap 36 AS).

A flow chart ilostrating this process is shown i Figore 18

pues.
o
<
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Example 47 Comparisen of particle size on efficacy

¥

Association complexes were formed using the procedure generally deseribed in

Exampie 46. However, bocause the complexes were being evaluated based on size,

different extrusion membranes were used to produce particles having the following
5 diameterss 130 nm, 85mm, 60 nim, and 50 nm. The siRNAs loaded in the complexes

targeted factor VIL
The particles were evaluated in a Factor VI silencing assay, demonsirsting that
the 30 nm paticles were the most efficacions relative to the 150 nm, 8%am, and 60 nm
varticles, The resulls of the assay are depicted in Figure 11,
10 Example 48: Comparison of half life of nudleic scid agonts unformulated versus
formulated o an association complex
The half e of sIRNA formulated in association complexes was evaluated in
viten iy human serwn @ 37 °C. The association complexes were propared as in Example
46, For purposes of comparison, unformuldated siRNA was also evalusted fn vitro in
15 human serum, The percent of full length product determined by HPLC was evaluated
for both the formulated snd unformulated siRNA. As demonstrated in Figore 13, the
formuluted siRMA had a significantly improved half life én wiro in buman serum,

Bxample 49: Comparison of effivacy of association having PREG hoids of vaned

chain lenpth

30 Association complexes were prepared as in Bxample 46 with variation on the
tength of the alkyl chain of the PEG lipid. Alkyl chain lengths of 16, 11, 12,13, 14, 1§,
and 16 were evaluated and compared for efficacy in a Factor VU silencing assay. As
shown in Flgure 13, chain lengths of 13, 14, and 15 demonstrated the most stiencing ag

nreasured iy the assay.

th

-

A mumber of simbodimengs of the invention have been described. Neverthelesy, i wall
be wnderstoad that various medifications may be made without depariing from the spirit
and scape of the invention. Accordingly, other embodiments are within the scope of the

following claims.
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CLAIMS:

i A preparation comprising one or mwore compounds, sach individually

having a structure defined by formwla {1} or @ pharmaceutically avceptable salt thereod,

R)N : R 2
AN
formuis (1)
wherein
each X% and X%, for each vceurrence, 1s independs ntly O alkylene;
ais, 1, 2, 3, 4, 0r 5; cach R iy independently H,
i
§ 53 : v )
: i R E\ : ;i ; W e 5y R
. =, H ' e D ‘ A PR o X - = 2
\\;\{y‘:: \% - ,5’\, isyr\i\/}:n 2 3 Z\.{:‘m \%‘f Qf {S"; }:“ ¥
Ry R“s &1 ¥ L
whereln at lzast n+ 2 of the R meicties in at least sbowt 30% of the molecules o
N the cotnpound of formula {1} 1n the preparation are not H;
“ 3 . " .« YTN
mnl, 2, 3ord; YisO, NR or 3,
R 15 alkyl slkenyl or alkvnvl; each of which is optionally substituted
with one or more sebstifuents; and
T <
R* is H, alicyl alkeny! or alkynyl; cach of which is optionally aubstitnted
0 gach of which is optionally substituted with one or more substituents;
provided that, io = 0, then at least n+ 3 of the R moieiies are not HL
2. The preparation of claim 1, whercin when R is net H, R 13 R,
25 3 The preparation of claim §, wherein when R iz not H, Ris R
4. The preparation of claim 1, wherein when R isnot H, Ris R

162
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5. The preparation of claim 1, wherein when R is not 8, R is Ra.
. The prepafation of claim 1, whereln when R isnot HR s &,
& 7. ‘The preparation of claim 1, whereinn + 2 of the R mofeties of formula

{1y are not H.

o
2

The preparation of claim 1, wherein n + 3 of the R moictics of formula

e

s

{1} are not H

10
8 The pregaration of claim 1, wherein n + 4 of the R moieties of formula
) arg not H.
Hy, The preparation of claim |, wherein n> Q, af least one R of NR of
5 foronda (Y is H.
i1, The preparation of claitn 1, wherein at least one R of NR; of formals (1)
iz M
28 {3, The preparation of claim 1, wherein at least 80% of the molecules are s
single structural Isomer.
13, The preparation of claim 12, wherein a + 2 of the R moieties of formuds
{1} ave not H,
4. The preparabion of claim 12, wherein n + 3 of the R modeties of fronula
{fy ave not HL
15, The preparation of claim 12, whercin n o+ 4 of the R mnieties of formuda
G {Iyare not
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i, The preparation of claim 1, wherein at least 0+ 2 of the K moleties of

formaula {1} In at least about 909% of the compomnd of formula (1) are not M.

P

$7. The preparation of claim {, wherein at Ieast n -+ 2 of the R mojeties of

5 tormuds (1} in gt least about 93% of the compound of formula (1) are net H

18, The preparation of ¢laim 1, wherein at least n+ 2 of the B moictics of

formula (I} in at least about 99% of the compound of formula (1) are not H,

10 18, The preparation of claim 1, wherein nis 2

20 The preparation of claim 1, wherein nis O

1. The preparation of claim {, wherein X* and X7 are Gy alioylene

15
23, The preparation of claim 1, wherein n is 0 and X is ethylene or
propylene.
23, The preparation of claim 1, wherein n >1 and X* varies with at least one
{0 oocurrenee,
34, The preparation of claim 1, whereln when R not H, R is
i;f.;
i 1
"\t\w‘-?.-""\\ ’{. - R
&8 25, The preparation of claim 24, whereln Y is O or NR*,
26, The preparation of claim 24, wherein m is 2.
27.  The preparation of claim 24 wherein Y is O or NR* and m is 3.
a3

2% The preparation of elaim 24, whereinm is 1.
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The preparation of clatny 1, wherein R’ for gt least one occwrence is

, . oy s iy T
The preparstion of claim 1, wherein R’ for cach ocowrrence is alkoyl,
- i o o E i T g

The preparation of claim 1, wherein R ts alkyl and R7 s H.

b preparation of claim 1, wherein R and R are atioyvl.

NS

The preparation of claim 1, wherein R! for at least one cccurrence §

§

The preparation of claim 1, whercin R for at least one acourrence 18

The preparation of clabm 1, whereln when R isnot H, R is R, and

wherein Yis G or NH.

36,

(9%}

T2
e

Ll

e

-:1;

Ao

e

3.

pct

The preparation of clatm 33, wherein YVis O

The preparation of claim 35, wherem Y is NHL

The preparation of claim 33, wherein R is alkyl.

The prepuration of claim 3%, whereln R' 18 Cram alkyl,
The preparation of claim 3%, wherein Rk Oz aikyl,

The preparation of claim 35, wherelnn s 2,

[
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o

42, The preparation of claim 41, wherein X5, for each cccurvence s O

£

stkviene and X" is Oy alkvlene.

kS

43, The prepavation of claim 353, wherein m is 2.
44, The preparation of claimy 1, wherein nis 2 and R, when R fs not H, 5 R,

43, The preparation of claim 44, wherein R is alkyl,

48.  The preparation of claim 45, wherein R’ is Cyous atloyl,

oo

47, The preparation of olaim 46, wherein R' s O alky

48, The preparation of claim 44, wherein Y is Q.

49, The preparation of claim 44, wherein Y is NH.

L

0. The preparation of claim 44, wherein X, for each occurrence is Co

allylene and X% i3 G alkylene.

M
pady

The preparation of claim 44, whereln m is 2,

32, 'The preparation of claim 1, wherein af feast T R of NR 15 H and R, when

not His R, and wherein Y 18 O or NH.

33 The preparation of claim 52, wherein Y is .

54 The preparation of elaim 32, wherein Y is NH.

58 The prepavation of claim 52, wherein R i3 alkyl.

$6,  The preparation of claim 35, wherein R' is Cygap alleyl,
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The preparation of claim 56, wherein R' 5 €y atkyh

~;

he preparation of claim 52, wherein n is 2.

ey

The preparation of claim 58, wherein X, for cach occurrence is Gy

&

4 P IS
alkylene and X7 s ) alkylene.

d
-
=

g e!
o

61,

The preparation of claim 32, wherein m iz 2,

e

The preparation of claim 1, wherein 1 is 2 and at feast 1 R of NR s H and

wien R is not H, R iR, and wherein Y is O or NH.

sy
A

&8,

Pt
HCT N

The preparation of claim 61, wherein R} s alkyl.

‘The preparation of claim 62, wherein RY s Crane gyl
The preparation of claim 63, wherein R is o alkyl.
The preparation of claim 61, wherein Y is (0

The preparation of claim §1, wherein Y s NH.

The preparation of claim 61, wherein X, for each occurrence 15 Gy

atkylene and X7 is Oy alkylene.

68,

o~ vy
P
3 Lor

The preparation of claam 61, wherein m s

The preparation of claim 1, wherein at least  RofNRs isHand Ris R,

and wherein Y is Qor NH.



WO 2008/042973 PCT/US2007/080331

70, The preparation of claim 69, wherein Y s (O,

The preparation of claim 69, wherein Y 1s NH.

Lot

72, ‘The preparation of claim 69, wherein R' g alkyl,

73, The preparation of claim 72, wherein R is Cypae alkyl,

74, The preparation of claim 73, wherein R is Cys slloyl,
10
75, The preparation of claim 69, wherein nis 3
T8 The preparation of claim 69, wherein X%, for cach occurvence 18 O
alkylene and X7 18 C; alkylene,
18
7. The preparation of claim 69, wherein myis 2,
78, The prepavation of elaim 1, wherein nis 2 and at lesst 1 R of NR; s H
and R is B, and wheretn Y 15 O or NHL
20
75 The preparation of claim 78, wherein R’ s alkyl.
8¢, The preparation of claim 79, wherein R’ is Cyeax alkyl
R85 &1 The preparation of claim 80, wherein R7 is €7 alkyl
82.  The preparation of claim 78, wherein Vi
¥3. The aration of claim 78, wherein Y is NH.
prep
30

84, The preparation of claim 78, wherein X7, for each occurrence s Oy

alkylene and X" is G, alkvlene

168
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]
e,

The preparation of claim 78, wherein m is 2.

g6 The preparation of claim I, wherein nis § and X is propylene,
5
&7, The preparation of claim 86, wherein 1 Ris H.
S8, The preparation of claim 86, wherein when R isnot H, R s R,
10 89, The preparation of claim 86, wherain R is alkyl,
G4, The preparation of claim 89, wherein R’ is Croao alkyl.
91, The preparation of claim 90, wherein R’ is Oy, alkyl,
15
2. The prepavation of claim §6, wherein Y 5 O.
83, The preparation of claim &6, wherein Y 18 NH.
20 94, The preparstion of claim 86, whereinm is 2
93 The preparation of ¢lpim 1, wherein
nisd;
XK, for cach ocowrrence is Cy alkylene and X sy alkyione; and
25 wherein
sach Ris Hor
o
i i
‘”r\k }‘/}\\Y‘,R
m
Rss
mis
a0 YisNHorQ

168
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96, The preparation of claim 93, wherein at {east 80% of the molecnles of the

compowad of formula (1) are a single structuzal isomer.

5 R7. The preparation of clalm 93, wherein Y is NH,
98, The preparation of claim 97, wherein at lesst 80% of the molevules of the
sompoRt formuda (T} are 8 single structoral isomer.
1 99, The preparation of claim 98, wherein R is R, for § cccurrences.

10, The preparation of claim 95, wherein in at feast 0% of the molenules of

the compound of formula {1}, R is Ry, for § ocourrences.
15 101, The preparation of claim 100, wherein Y is NH.

132, The preparation of claim 9§, wherein the compound of foraula (1) s an

Merganic or organic sait thereof.

20 3, The preparation of elaim 102, wherein the compound of formula (Dis s

hydrohalide aalt thereof

104, The preparation of claim 103, the compound of formula (i is 8

hredrocioride salt thereof

25
138, The preparation of claim 1, wherein the hydrockloride sslt ranges from a
singde eguivalent oV HCL, 1o wi2 equivalents of HCL
¥, The preparation of claim 1, comprising & hydrate of the compound of
D formuda (1)

17¢
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-, >

107, The preparation of claim 1, wherein the compound of formula {1} fs salt

3

of an organic scildl

I8, The prepavation of elaim 107, wherein the salt is an acetate.

9, The preparation of claim 10§, wherein the acetate salt ranges from a

single equivalent of acetate, to 2 cquivalents of acetate

110, The preparation of claim 107, wherein the salt s an formate,

111 The proparation of claim 108, wherein the formate salt renges from s

single equivalent of seefate, to n+2 equivalents of formatg,
112, The preparation of claim 1, wherein R’ comprises an slkenyi molety,

113, The preparation of claim 113, wherein R’ comprises a cis doubtle bond,
P14, The preparation of claim 1, wherein the preparation comprises loss than
X3 1.:&‘3
Hal TN N,
E H
1196, by weight, of i

wherein X and u are defined as in formula (I} of ¢laim 1.

1158, The preparation of claim 1, wherein the preparation comprises toss than
0% by waight of

G
it A

‘(\5\’.\0;’"\, ¥ gy’

formala {1V}

wherein Y and R are defined as in formula () of claim 1.
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The preparation of claim 1, the preparation comnrising a nluralite of
A & ¥ p P o Ey o

eompoonds of formuda (4.

Pt

i7.

The preparation of claim 1186, the preparation comprising & mixture

compounds of the formulas below:

formuala {17

R

o, \/\\ !Ra i

R“’ N \vf"\‘\ N»"’\\/
!

and R

formula (I

R

i

N.

I
e

~

¥
R

2

whergin in formuls (17) at least five of the R moiclies are RS

118

a ratio of from about |

119

The preparation of claim 117, wherein formula (1% and {7 ar

12 to sbout 2: 1.

<3 o
RN K N s
R

) n

H

"NR;

formula (10

whergin

cach X and X, for cach necwrrence, is independentl

nwd, 1, 3,3, 4, or 5, and
wherein

cach R is independently H or

1’-3

misd;
Y is O, NRE, or §;

R is eyl or atkenyl
REaHorC alkyl or alkenyl;

172

A method of making a compound of formula (1},

+

(i

v

76

o

-~
3

S

&
31

ent in

y U alkyloneg;
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the method comprising reacting a compound of formula {(IH

Hah 7 N
Hi

3

3]
formula (11D

with a compound of formuda (IV},

aQ
:\}\J\'V' &1

8
formuala (V)

in the presence of g promoter.

19 120, A method of making a compound of forvaula (13,
eNg' * NR;
R
n
formula (11}
whorein

i sach X and XT, for cach eccnrrence, is independently Oy alkyleng;

nisd, 1,2, 3,4, 0r 5 and

wherein

cach R is independently H or

‘{Q‘tg-:i\ e R
0 Ra

mig 2

Y@, NRE, or 8;

R} s alkyl or alkenyh;

R is H or C alkyl or alkenyl;
25 the method comprising reacting a compoond of formada {1

173
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_‘,_‘
L«'L“.':g;’\r«««._t
Z
b

e

formula (I}
with s compound of formula (IV),
0
Sy /E-LY, R’

formula (V)

in the presence of a quencher.

121, A method of making a compound of formula (11},

RaNT N TUNRy

formula (1}

a1 S sepiand
WNETCIN

PCT/US2007/080331

.

cach X* and X, for cach ovearrence, is independently Og slloviene;

£

nisd, L33, 4, or 5 and

7

wherein
each R iz independently H or
g

Yis QO NRS or 8
R isalkovior alkenyl;

R* is M or alkod or alkenyl;

the method comprising reacting a compound of formula {1

~J
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formula {13

with a compound of formuala {IV},

&
i R
\\,,a" Y
5 formula {1V}
wherain the reaction mixiore comprises from shoot 8.8 abowt 1.2 molar
squivalents of a compound of fornuuta (1), with from about 3.8 {0 about 6.5 wolar
saivalents of a compound of formuta (IV),

122, The methed of claim 121, wherein the reaction mixture comprises
from about 8.8 about 1.2 melar equivalents of a compound of formula (111}, with from
about 5.5 1o about 8.5 molar egquivalents of a compound of formula {(IVY

B 123, The method of claim 122, wherein the reaction mixture comprises
ahout 1 molar equivalents of & compound of formula (11, with frem sbout & molar
squivalonts of g compound of formula (IV).
124, The method of claim 121, wherein the reaction mixture comprises abeout
20 1 molar equivalents of @ compound of fonmala (IH, with from sbogt 5 melar
squivatenis of a compound of formula (IV).
125, A method of making a compound of formula {11},
X
RNTTNETNR,
| R

formula (I

whe

g
v4

w
g
S
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cach X® and X, for cach occurrence, is independently Ciq alkyiens:
and L 2,34, 0r5; and

whersin

cach R is independently H or

O

S 3\ Rl
I

RB;
mis 2
Y is O, NRY, or §;

< T,
S

/' is alkyd or alkenyl;
R is H or alkyl or alkenvl;
the method comprising ¢ two step process of reaching s compound of

formula I0

3
xa ')v
H N NH
2 H 2
“n

formula (11

with a compound of formula {1V},
%

formula {1V}
int the presence of boric acid and water
whereln, the first step process imvolving the reaction mixiure comprises
rorn about 0.8 about 1.2 molar equivalents of a compound of formmuia (HI}, with fron
about 3.8 {0 about 4.2 molar equivalents of a compound of formula (IV) and the second
step process involving addition of about 0.8 to 1.2 molar equivalent of compound of

oy

formuia {IV).

126, A methed of making a compound of formula (1},

“3
o
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By

7%
::’4“....
PR~

RaNT NE T NRg
iR
L A i
formula {11}

swherein

sach X* and X5, for sach ovcurrence, is independently Opg alkviene;

& i, L2, 3, 4, o0 5, and
wherein

gach R s independently H or

Y e O, NRY, or 8t
15 alky! or alkenyl;
RYisHor atkyl or alkenyl;

the method comprising reacting a compound of formala (5

Ka xn
HaNT NH;
L ,
\;5 11}
formulg (1D
with 8 compound of formuda {1V},
o
U
“\\\\; f.)"\,Y,, R
tormula {IV)
20
and separating at least ong structural isomer of fornmla {1} from the
reachivn mixhwre @ provide 8 substantially purified preparation comprising a structural
tsoraer of formola (1),
25 127, The method of claim 126, wherein the structural isomer of foromda (1} &8

separated from the reaction mixtare using chromatographic separation.

177
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128 The method of claim 127, wherein the clvomatographic separation is

using Hash silica gel for separation of isomers.

125, The method of claim 128, wherein the chromatographic separation is

gravily separation of isomers using silica gel.

130, The mothod of claim 128, wherein the clvomatographic separstion is

using noving bed chromatagraphy for separation of 1somers

131 The method of claim 128, whereln the chromatographic separation i3

using Hguid chromatagraphy (LC) for separation of isomers

132, The methed of claim 131, wherein the chromatographic separstion using

1a gormal phase HPLC for separation of isomers.

133, The method of claim 131, wherein the chromatograpivic separation iy

reverse phase HPLC for separation of isomers,

134, The method of claim 126, wherein the substantially purified preparation

o

ceunpwises at isast about S0% of the structural 1somer of formula {11},

~

135, The method of claim 134, wherein the substantially purified preparation

comprises at loast about 90% of the structoral 1somer of formula (I}

13

oo

. The wethod of clabm 135, wherein the substantially purified preparafion

comprises af least about 95% of the structural isemer of formula (11

137, A method of making a compound of formula (V) or & pharmaceutically

cegpiable salt thereof,

o
Sk
L]
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sals thereof

formula (V)

whergin

gach X and X, for each nge

nisd 1 3,3, 4, 0r S and
wherein

wren

gach R is independently H or

O

i
N =2
e
“‘\}n ¥

miis i
¥ is O, NRY or 8
R’ s alkyl or atkenyl;

RiisHor alkyl or alkenyl;

g, is independently C

o Fofy

PCT/US2007/080331

the method comprising reacting a componnd of formula (1D

ix«a e

t
o
~

NHy

formula (D

with a compound of fornula

{VD),

o

C% R, L% - Ris
G=ClorBrgr

formuls

)

atkviong;

0 provide a compound of foroula (V) or a pharmaceuticsily acceptable

1

T

salt of the compound of formuada (V)

The method of claim 137, wherein the pharmaceutically acoep

1]

ot

7

e

able salt
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139, A compound of formula (X3,

3 R?'*
5 formta (X3
wherein

R and R are cach independently H, C-Cy alkyl, optionally substituted with 1-4
R7, 00 alkenyd, optionally substituted with 14 RS or g g\R”}{‘\R

$n

R and R are cach independently alkyl, alkenyl, alkynly, each of which is

19 optionally substituted with fluoro, chloro, brome, or lodo;
1.} and U are each independently ~NR” Cf O}, ~LC }}NR =y OO, OO0, -

8-S, SNEOCIOMNRY-, -OCOINEY-, -NRGCOND-, -0-N=C-, OR, -OC(OINH-
W=, ot NHC{OINH-N=C-,

LR and LARY can be taken together to Torm an acetal, a ketal, or an orthoester,
16 wherein R and R® are defined as above and can also be H or phenvl;
87 is fluore, chlore, bromo, fode, ~OR’, -NR*HR?), -CN, 31{1‘ SRS,
S(ORR"
8% s W, Cp-Cy alkyd,
'

R7 iz M oor U-C aliyl;

20 cach R® and R ave inde pendently H or C,-Cy alkyd;

snd pharmtacentically acceplable salts thereof,

148, The compound of claim 139, wherein the compound is an inorganic salt
thergot
t41,  The compound of claim 1490, wherein the compound is a hydrobalide salt
g therent
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143,
thereof
134,

)
o
2

,m
B

148,
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The compound of claim 141, wherein the compound is g hydrochloride

The componnd of claim 139, wherein the compound 18 an organic salt

The compound of claim 139, wherein R' and R are each independently

The compound of claim 139, wherein R’ is methyl.
The compound of claim 139, wherein R” is methyl.
The compound of claim 139, wherein R' and B are both methyl.

N

Yhe compound of claim 139, wherein R' is H, methyl, ethyl, isopropyl,

or 2-hvdroxyethvl

144,

,,M
(T4
4
N

sy
.6

M o s .‘
sopropyl.

The compound of claim 148, wherein R is HL

The compound of claim 148, wherein R is methyl,
The compound of claim 148, wherein R® 1s ofhyl.
The corapound of claim 148, wherein R® is propyi.

The compound of claim 148, wherein R° is isopropyl,

The compound of claim 139, wherein R* is H, methyl, ethyl, o weopyl, o
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e ’ 3 g . — . i : ‘
135, The compound of clatm 139, wherein R is H, methyl, sthyl, isopropyl,

or 2-hydroxverhyt and R s 1, methyl, ethyl, propyl, or isopropyl

156, The compound of clatm 139, wharciam is 1.

157, The compound of claim 139, whereinn is §.
158, The compoond of claim 139, wherein both mand noare
19 155, The compound of claim 139, wherein L' is -NRC(O), or ~-C{OWRS-,
160, The compound of elaim 139, wherein L is -0C(O) or -C{O)-.
161, The compound of claim 139, wherein L' s 8-8-,
162, The compound of claim 139, wherein L' is -NERMH QMR-
163, The compound of claim 139, wherein L' i ~OC{OIN(R"- o1 -
N{RIC(OM0-
20
164, The compound of elaim 139, wherein L1 is -0O-N=C-,
185, The compound of claim 139, whersin L' -OU{OINH-N=C- or -
NHC{OINH-N=C-,
25
SN o - . . O I very e e
166, The compound of claim 139, wherein L7 is ~NRC(Q)-, ar ~C{OINR -
ol 3 ™ ¥ 21 . .2 b TR N 3
167, The compound of clatm 139, wherein L7 is ~OC{O) or ~C{ONS-.
. R ' B 1 Y ; :\f - ~¢ vy
a 168, The compound of clam 139, whergin L7 is §-8-,

168, The compound of claim 139, wherein L7 s -NRICOINER-

182
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170, The compound of claim 139, wherein L7 is -OC{OWEN- or -
NESCEOW0-

LA

berss
it

pss

o Lo 3 o 2 =z
. The compound of claim 139, wherein L7 15 -0-Ne(

. - . e e TE T B
172, The compound of claim 139, wherein L° -QC{UINH-N=C- or -
NHCOIRH-N=(-,
10 173, The conpound of claim 138, wherein both L' and L7 are ~-NRC(OY-, ar -

CEOMRS

174, The compound of claim 139, whereln both L' and L? are -OC(O)- or -
C{H0-,
175, The compound of claim 139, wheretn both L and L7 are 8-8-.
176, The compound of claim 139, wherein both L' and L7 are -
NROCOMERN-
20
17 The compound of claim 139, wherein both L) and 1LY are SXC{OINR ?"h
oy ~N{RWHOYD-,
178, The compound of claim 139, wherein L) is - NROC{O) and ¥ i5 -8-8-.
28
179, The compound of claim 139, wherein L' is ~OC{O- and LY 15 -8-8~.
180, The compound of claim 139, wherein L is -OC{OING R% or -
NERHCONO0- and 1P {8 ~8-8-.
3G

181, The compound of claim 139, wherein L' is NERHOOMNER - and L7 s

183
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183, The compound of claim 139, wherein each R and R” are independently

alkyl

{84, The compound of claum }

185, The compound of claim 184, whercin gach L.°
S8, SOOEINERY- or -NIROICLOYO-.

186, The compound of claim 1

187, The compound of claim

188, The componind of claini 139, wher

188, The

190, The compound of claim 139, wherein each R’
allenyl

193

] 0 3. 32
Oy atkenyl

o ~ & 3 3
192, The compound of claim 190, whereln cach R and R* are

alkenyl nwotety,

193, The

double bond sisieties

« : o
39, wherein both R

The compound of claim 190, wherein each R and R

and R are O S Uy alkyl,

and 17 are independently -

39, wherein R atkyl.

139, wherein RY is alkyl.

40 R is alken vl

compound of claim 139, wherein R is atkenyl,

and R* are mdependently

* are tndependently

the same

.

> compound of claim 139, wherein each R and R includes two



i

o3

ez

WO 2008/042973 PCT/US2007/080331

194, The compound of claim 193, wherein at least one of the double bonds

have & & configuration,

185, The compound of claim 193, wherein both of the dooble bonds have s £

configuratic

196, The compound of claim 190, whoretn ot least one of R and R is

provided in formula {31) below

'
- PRV e Ea N M\
.f’; ™ Sy R N el SO

3
1] l %

wherein
X is an integer from 1 Yo § and

¥ is av integer from -1

197, The compound of claim 196, wherein both of RY and R arz of the

198, The compound of clatm 190, wherein at foast one of the double hondg

Have an E confipuration,

199 The compound of claim 198, wherein both of the double bonds bave an B

ceariguration

2y The compoundd of claim 198, wherein at least onc of R and R7 s

3

provided in foroula (1) below

& R}
NS A

formala ()

wherein

o~

x 13 an integer from § to 8 and

¥ is an integer from 1-10.

<
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201, The compound of claim 200, wherein both of R and R are as provided

in formula (1

202, The compound of elaim 190, wherein each RY and RY includes three

double bond moieties.

3. The compound of claim 202, wherein at least one of the double bonds

have g & configuration.

204, The compound of claim 203, wherein at least two of the doubile bonds

have a & configuration.

206, The compound of claim 190, wherein at least one of R and RY iz
provided in formula (IV) below

2 ; N 'ﬁﬁ ...... N {\f;;\

formda {TV}
wherein
X 15 af integer from 1t 8; and

Lo

an frdeger from 110,

A2

33

[

207, The compound of claim 206, wherein hoth of R' and B are as provided

in foromds {TVL

208, The compound of claim 190, wherein at {cast one of the double bonds

have an ¥ configuration.

188
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21 The compound of claim 209, wherein all three of the double bonds have

an B configuration

311, The compound of clatm 210, wheretn at least one of R and R i¢

-

provided in formula (V) below

,-\ 3 \\" A s _:.::::::/\:::‘: ,
" \ )x \ ’_.-"' \\ivsi/..

formuta (V3

wherein

X 1s an integer from 1 10 §; and

v s an integer from 1-10

—,-

212, The compound of claim 212, wherein both of R' and % are sy provided

i formuda (V)

213, A preparation comprizing a compound of frmunla (X}

214, A method of making a compound of formula (X},

3 £3 £ 3
I \N.{' }gﬁk?,x'\ N Lg R
3 o § £
R Ll

fornmla (X}
wherein

8 and 8% are each independently C-Cg alkyl, optionally substituted with 1-4

\“k
i\

R ie atkyl, alkenyl, atkynyl

L s -O0(0x-

R is -0R7, NEHEY, -ON, SR, S(ORY, 5(05R "
R i H, O allyl

R s H or 0y alkyh;

gach BY and R” are independently H or C-Cg alkyl;

R 4 M oor OO alkvl
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sn and n are sach independently 1, 2, 3, 4, §, or 6,

the method comprising reacting 8 compeorund of formula (VI

& }" x"’\» i
i\‘i‘ \ _‘ﬂ,}ff N '{:}H
R OH

formula (VI

& with a compound of formula (Vi)
HOT R
formula (VI
in the presence of # coupling agent, therehy providing s compound of formula
{Ah
13
215, The method of claim 214, wherein the coupling agent is s carbodiimide.
216, The method of claim 215, wherein the coupling reagent is EDCL
15 217, A method of forming an association complex comprising contacting a
{ipid prepoeration of claim 1 or claim 213 with a therapeutic agent in the presenve of a
bhutler, whersin sad buffer:
ig of sufficiont strongth that substantially all amines of the modecules
formula 1 are protonated,
G is present at between 100 and 300mM;
is present at a concentration that provides significantly mors protonation
of than does the same buffer at 20 mM.
218, Anassocudion comples made by the method of ¢laim 217,
25
219, A mcthod of forming an association complex comprising contaciing &
lipid preparation of claim 1 or claim 213 with a therapeutic agent in & mixtore
comprising at least sbout 90% cthanol and rapidly mixing the lipid preparation with the
therapeutic agent to provide a particle having a diameter of foss than about 200 uhd.
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226, Themethod of claim 219, wherein the particle has g diameter of loss than

about 34 udd.
221 A method of forming an association complex comprising contacting 8
§ hipid prepavation of claim 1 or claim 213 with a therapeutic agent in the presunce of &

hufter, whoreln said buffer has a concentration from about 100 1o about 300mM.

2220 An sssociation complex comprising a preparation of claim 1 orclatn: 213

and a nucleie soid,
10
223, The sssociation complex of claim 222, huther comprising 8 PEGyiated
fipid.
234, The association complex of elaim 222, further comprising g structural
5 motety
225 The association complex of claim 224, wherein the structural motely 1s
cholesierol,
28 236, The sssociation complex of claim 222, wherein said nucleie acid is an
siRNA,
227, The association complex of claim 226, wherein said nucleic acid is an
siRNA which has boen modified to resist degradation.
%
228, The association complex of claim 226, wherein sald nuclefe acld is an
$iRNA which has been modified by medification of the polysaccharide backbone,
228, ‘The assoctation compiex of claim 226, wherein the siRNA fsrgets g gene
a0 or genes of interest.

189



i

WO 2008/042973 PCT/US2007/080331

235 The association complex of claim 229, wherein the gene or genes of

interest s an endogencousty expressed gene in Hvey,

o
L]
P,

The sssociation complex of claim 230, wherein the gene of interst 18

apol.

232, The sssociation complex of claim 230, wherein the gene of interest is
FVIL

233, 'The association complex of claim 236, wherein the gene of interest i3
PCSKS.

234, The sssoctation complex of claim 230, wherein the gone of interest s
VEGE.

235 The association complex of claim 230, wherein the gene of intorest is

236, The association complex of claim 230, wherein the gene of inerest 15

337, The sssociation complex of claim 230, wherein the gene of nterest ig

38, The association complex of claim 222, wherein sadd nuclsic actd 13 &

E\J

single stranded nuclelo acid or derivatives thereofl

239, The sssoctation complex of claim 238, wherein the nucleic acid is an

anlisense nuclelg acid.

248 The association complex of claim 238, wherein the nusleic acidis a

microeRMA.

Yot
A
=

L
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241, The assecipbion complex of claim 238, wherews the nocleic soid fs an

antisense pligonucieotide of microRNA {(antagomir}.

242, The association complex of claim 241, wherein the nucleic acid 1s against

by (1

microRNMNA-{32.

243, The association complex of claim 241, wherein the pucleic aoid 13 against

microRNA-1KL,

244, The association complex of claim 241, wherein the nucleic acid is against

misroRNAS1SS

245, The sssociation complex of olaim 241, wherein the nucleie acid 13 against

miomRNA-TG

246, The association complex of claim 222, further comprising & stractural

ety and g FEGylated Hpid, wherein the ratio, by weight, of preparation of claim or

claim 213, structars] moiety, PEGylated lipid, and 2 nucleie acid, 13 8-22:0.4-10.4-

12:04-2.8

247, The association complex of claim 246, wherein the structural molsty is

(fn

247, The association complexof claim 247 wherein the ratio is 16-20:40

BO:5-10:05-2.0,

244, The sssociation complex of claim 248, whercin the ratio s 1208701

248 The sssociation complex of claim 240, wherein the sverage liposome

diuneter is botween 10w and 750 nm
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238 The assoctation complex of claim 248 wherein the average sssociation

compiex digmetsr 18 between 30 and 200 am,

2531, The association complex of claim 250, wherein the average association

complex diameter i between 50 and 100 nm.

252, The sssoctation complex of clain 222, wherein the preparation is less

1

than 15%, by weight, of unreacted liprd

283, A phammaceutically acceptable composition comprising the preparation

of claim 1 or clgim 213,

354, A phammaceutically acceptable composition comprising the association

2o ls)

comple of claim 232

255, A method of treating o momual comprising adminisiening 1o said

mammal a therapeotic amount of an association complex of claim 222,

236, A prepatation of claim 1, wherein the prepuaraiion comprises ong or 8
mixture of the formula below, wherein R is not H unless specified i the formulz below.
] R
s N R N R R
(Jz Nl ./‘ - oy o e N ~. N g
RN TN RN TN

and h
} i i

R = R ]

The preparation of claim 1, wherein the preparation consisls essentially

of one or & mixture of the formula below

e F*% R
N PR P F N ™ ~ - M N R
iy N oo "\g~ N N —— \TS R and R N S \E‘;«i TN A N
8 R R R

258, The preparation of clatm 237, wherein

gsach R i
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Q
l‘s\ 1
1
™, R
Ly \\“‘,‘ g i‘,
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b
260, The preparation of claims 236 or 257, wherein &) 1301-Cug stkvl {e.5.
{‘ ﬁ&:}" i:‘ b2y Cm“\f:m -’-ﬂ}{{fﬁ}’}.
2681, The preparation of claim 256 wherein R is
Q
Eav S o
16 2

263, The preparation of claim 261, wherein R 18C16-Ch atkyd,
263, The preparation of claim 261, wherein R s Oy alky] and B2 55 HL

264, The preparation of claim 253, wherein formula (I} ts provided below,

@

wherein X is no H ualess specifically recited:

=
§ *
£ - i e AN §?j _.»"“‘»\ = N »\,./"\\ {\2 - R
¥
R

R
G

Sy R
Ra

b
Pl

266, The preparation of claim 256, wherein formula (1} is provided below,

wherain R i not H unless specifically recited:

&3

Py
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ke

R ™ \b:f"\v,
\ "

L™ g gt g
ey

L

Ris Ra |
oy . . . f e N R MR,
267, The preparation of claim 266, whereln R w8 Crr syl and B s HL

268, The preparation of claim 1, wherein formala (1} s provided below,

X
¥

68
wherein R iz not H unless specifically recited

H
R ~ S - N ~

it 269, The preparation of claim 268, wherein R is

g o

1 i
,w:‘z:“ S s N - R of :2;:’“’\ A R‘
g ) {}

E

278, The preparation of claim 269, wherein, R 5Ue-Cis alkyl, or QO
stenyl
271, The preparation of claim 268, wherein R is
@
i mat
.,:l?.'r:\'\#f"{\ 3 R
Re
. . N4 e , i, - ”
273, {he prepavation of claim 271, wherein R’ 1sCp-Cig alkd, or Cip-Csg
28 alkenyl and R i3 H.
27 Amethod of forming an association complex comprising a plorality of

1
3

Hipid modeties and a therapeutic agent, the method comprising:

194
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mixing a plurality of lipid moleties in ethano!l and squecus NaQae butfer to
provide g particle; and
adding the therapeutic agent 1o the particle, thereby forming the sssoctation

complex,

272, Themethod of claim 271, wherein the lipid moieties ave provided in g
solution of HKS6 ethanel.
373, The method of claim 271, wherein the plurality of hipid moietics

comiprises a vaticadc lipid,

274 The method of claim 273, wherein the cationic pid iz a lipid of claim 1

or olatm 213

275, The method of claim 274, wherein the cationic lipid is a lipid of one of

the fhilowing or a mixture thereofl

i ¥
- N i . N b LB 3 M N N
i W N SR e W e N ,?;_uﬂ- oy e e T T T T N
}
H
H
S

L. -
Q i { i
o H
e Y Wo o e o N T 3 e TN PR ™ e NN
PN ,\Nx A N P # ,\‘AN\, R Ve e
M 3 H a
- ¥ L:

e

{
- PO s
N TN T T N TN 5 Qp
H

I's

N L M 'y;’)c"
H
s
N N
8k
NG TN TG TN TN # NN N PN I PN N P \l-"\\ﬁ/’ e TN TN S N N e

H P d 0

-

Ay

A

B NI T T 9 = " {_jﬁ\ B e N N N
L

H

274, The method of claim 271, wherein the plurality of Hpid moieties

comyprises a PEG-lipid.

X

237 The method of clatm 276, wherein the PEG-lipid has the hllowing

e
s
o
Lo
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BY :3‘\;' o7 NSO >
(-\ H H LY e‘n
LR |
L,{’.
wherein;

cach L' and 1 are independently a bond or C{Oy;

cach R' and R” are independently alky! atkenv! or alkynyl; each of which is
optionally substibuted with one or more substituents;

X ~C{OINH-, CSINH, ~C{OYC15alkyIC{OINH~ or -CHOC Laatky OG-

ot i integer from O-11 and

0 is an mteger from 1-500,

2. The method of claim 277, wherein the PEG-lipid is
O
N Q £ X . (S
‘,;- \\/j \\ o ‘\,\}‘,‘ e ﬂx \v.," /f \O \\}‘,ﬁ*\.\m‘.f ’\,N,/\»\\’X “\:tv,f"k \_Q§J '\!J.«\J\,\
M i i ’(

5 H
\\“\-ff\‘v*f’«‘\\.f /““‘\\’.. f'\\‘\a-/‘!\\v" ‘,./" - {G

b

279, Themethod of claim 271, wherein the plurality of lipid moictios

comprizes a structural {ipid.
3RG. Themethod of clatm 279, wherein the structural Hipid s cholesterol.

281, The method of claim 271, further comprising extruding the lipid

containing particles.

282, The method of ¢laim 271, wherein the lipid containing particles are

extruded prioy to addition of the therapeutic agent.
283, The method of claim 271, wherein the therapeutic agont 3 & nocleie auid,

284, The methed of claim 283, wherein the nucieic aud is an siRNAL

154
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284, The method of claim 283, wherein said nucleic acid s an siRNA which

has been medified o resist degradation,

283, The method of claim 283, wherein said nuclete acid is an siRNA which

h
o
=1

fias been modified by modification of the polysaccharide backbone.

286, The method of claim 283, siRNA is conjugsted fo a Lipophilic molety.

287 The method of claim 284, wherein the siRNA targets 3 geve or genes of

288, The method of claim 287, wherein the gene or genes of iy an

endogeneousty expressed gene in liver.

15 289, Thoe method of olaim 288, wherein the gene of mtorst 15 apoB.,

294 The method of claim 288, wherein the gene of 15 FVIHL

281, The method of claim 288, wherein the gene of is PUSKS,

292.  The method of clatm 288, wherein the gene of s VEGE,

263, The method of claim 288, wherein the gene of is KSP {eg5),
35 294, The method of claim 288, wherein the gene of s hepeidin,

285, The method of claim 288, wherein the gene of is HCV,

286, The method of claim 283, wherein said nuclete acid 18 8 single stranded
30 nuclsic acid or dertvatives thergofl

197
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287, The method of claim 296, wherein the nucleie acid 15 an sntisense nucleie

agid,

208, The method of claim 296, wherein the nucleic acid i1s 2 micreRNA.

298, The method of claim 296, wherein the mucleic acid s an antimicroRNA

308, The method of claim 271, wherein the association compleX cOmprises a

cationie lpid, a stractural fipid, a PEG-lipid and & nucleie acid,

301, Themethod of claim 300, wherein the molar ratie of the cationie hipid,

structural fimd, PEG-lipid and nucleic acid is 36-48:42-54:6-14,

3G The method of claim 301, wherein the molar rtio of the cationic lipid,

strpctural lipid, PEG-lipid and nucleic acid 15 38-46:44-52:8-12.

303, Themethod of elaim 302, wherein the molar ralio of the cationie hipnd,

structural Hpid, FEG-lipid and nucleic acid is about 42:48:10,

304, The method of claim 271, wherein the weight ralio of total exipient t©

nuclete aoid 1% less than abouwt 1501

305, The method of claim 304, wherein the weight ratio of tolal exiptent o

suedeie acid v about 1001

306, The method of claim 305, wherein the weight ratio of total exipient to

acid ix about 7.5:1.

v
4
&
[
7
&
[ &)
oy

307 The method of clatm 303, wherein the weight ratic of total exipiont to

mucieie soid i about 511,

HSS
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308, The method of clairn 300, wherein the cationic lipid has the bllowing
T N S N\fg Q‘i?’ N‘\-f T T N
: 3 ¢ H
_.».~"\’\,-"'\—,\_ /.-/\_w.,x\.\;.'\,x.f"\N ,:‘E,\/ ’l\aNrﬁ\‘-‘ JN\")_»\,N‘_."\\ ’(N Ny 'f “v et S, i N o \, -
H /i H i
,.i-
B A e N S SN "*'Q; o)

structirg; H :

the FEG-Iipid has the following structure:
Q
P N N N N h\,f”\\,ff\\{)f \\f" N\G-""}J\"‘N-’“ N Q\}{f ™~ \5\,./“\ G"\.\
LE \ ."
1 £y r n
N N 0 »and

the structural Hpid is cholesterol.

3409, The method of claim 308, wherein the molar ratio of the cationic hipid,
structars] ipid and PEG-lipid is 38-46:44-32:8-12,

314, The method of claim 309, wherein the molar ratio of the cationio Hipid,
structural lipid, PEG-lipid and muelete seid 15 sbout 42:48:10,

310 The method of claim 308, wherein the weight ratio of total exipient o
mucleic acid is less than gbout 151,

3iL The method of claim 310, wherein the weight ratio of fotal exipient
nocleie god 13 abowt 100 L

31 The method of claim 310, wherein the weight ratio of tolsl exiplent o
nuckeic acld is gbout 7.5:1

313 The method of claim 310, wherein the weight ratio of total exipiant o
nuclzic acid is about 311,

314. An association complex made by a method of any of clamms 271-313,

o8
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315 An association complex

lJ’ 1

PEG-Hipid and 2 nucleie acid, wherein the cationic Hpid is g lpid of ene of the

following or a mixtare thereof,

H
DAV NI P S P N N» G G\\.,}/‘ N B T R W W N
% P
Q 7 { £
I N P P N N!;IE\", e “hg . !\ ‘t 4 "\\./N‘v‘f "E{‘ e N e
Koo M «
TN T Ve TN '_,«'\,N.f‘i*_\cj
r of
H
N N TN TN e )’\,\‘,N\';;‘.G
L
@ 1 w
N T VA \NJI‘\\J;\'N”‘\J N\.“ > N N /\ ™ \w" j\. e i e N S
H ) A ”} Q
11 i’
P N ,-’\N,~‘E§»-\ Q;z— \N R S L S
the PEG-Tipid has the following structure:
(}
/,/‘ ’\.,»‘ N N\\.«/ '\ I N \\f*’\(} \ N O \N \ f(:l .f? -"""x,_}}. \\.s""@\\
; H N
R N W M W A\x’c} 5 and
the structurd Hpid {s cholestere
316, The association complex of 315, wherein the nucleie aeid i3 an siRNAL
317 The association complex of 315, wherein the cattonic Hpid has the
following formula:
# o
N N g N NN N \,650 Q Xy DL S N
4 H
= J
K"s g H
VTV N W “‘\—‘.,-*"\ .k\a" e S M NN N\. - \g N N
-'(4 H ;:)
TN N N Ni‘i}: o
31 The method of claim 3135, wherein the molar ratio of the cationie Hpid,
structural Hpdd, PEG-Hpid and nocleie actd 13 36-48:42-54:6-14.

PCT/US2007/080331

it
& [y

comprising a cationic lipid

3

200
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31, The method of claim 318, wherein the molar retio of the cationic lipid,

structural Hmd, PEG-Hpid and nucleic acid is 38-46:44-52:8-12,

324, The method of claim 319, wherein the molar ratio of the cationde Hipid,

stractural Bpid, PEG-lipid and nucleic acid 15 about 42:48:10

4

e

Lk

The method of claim 315, wherein the weight ratio of total exipient to

ylll

sucfeie ackd ixless than gbowt 1501,

322, The method of claim 321, wherein the weight ratio of total excient to

maclele acyd {s sbout 10:1.

a3
F
%]

The method of claim 321, wherein the weight ratio of total excient to

nucleie acid s about 7.5,

324, The method of claim 321, wherein the weight ratio of total excient to

apcleie aoid 11 about 3:1.

formula (XV)
whereing
each L' and L7 are independently a bond or C{OY;
& ach R* and RY are independently alkyl atkeny! or alkynyl; cach of which is
opticnally substituted with one or more substituents;
K is ~C{OMNH-, -C{SINH-, ~CIO)C 1 3alk vIC{OINT or OO LaalloiCEnO-
m 18 an integer from O-11 and

%18 an integer from 1-500

326, The componnd of claim 325, wherem L and L * are both a bond.

201
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337, The eompound of claim 325, wherein L' and L* are both C(Q).

T

328, The compound of claim 325, wherein cach B and B are independently

329, The compound of claim 328, wherein each R and R are independently

CorCog alkyl, 2.8, 0T alkyl, e, Ty atkyl

o

33 The compound of claim 325, wherein both R and R? ave allyvl, g,
13 straight chadn gl having the same length, e.g., Ce-Cag alkyl, e, Cre-Cp allyl, e,
T stk or Cyg alkyl

X ™y X > 3 > 3 .E H 2. Fant
331 The compound of claim 336, wherein both R’ and R are Ty alkyl.

332, The compound of claim 325, wherein formula XV reperesenis a racemic

15 i
wixtare
333, The compound of claim 325, wherein tormula XV reprosonts
enantiomernivally pure ‘R isomer (¢.¢.. & compound having an enantiomeric excess of R
20 momer, o8 8t least aboot 95% ee, o greater than 87% ee, e.g., 98%, or 89%.).
334, The compound of clatm 323, wherein formula XV represents
engntiomerically pure °5° isomer {e.g, a compound having an enantiomeric excess of R
omer, €8, al foast about 95% e, or preater than 979% ee, 2.8, 98%, or 99%:}.
335, The compound of claim 325, wherein each RY and R are independently
atkenyl, for example, each R and R* are independently Co-Cap alkeny! or each R and
R* are the same alken yI moiety.
30 336, The compound of claim 335, wherein each R and RY includes & single

double bond, for cxample s tingle double bond in the E or £ configuration.

20z
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337, The compound of claim 335, whereineach R' and R? includes two double

bond moieties

338, The compound of claim 325, wherein X is —C{OINH-, providing a
$ pompound of formula V) below:
9
R“ LE 3\{}. _,»'\\?_’.f‘\_‘{:} ,/"E\ N ,{:%O\{w ,""x,‘ ?»\,‘4{}\\
; H R3] ¥ ¢
O"‘a 2
52
Fons < R TS
formuls (XV),
338, The compound of claim 325, wherem, X 18 -C{OCalkyiT{O}0-,
0 3403,  The compound of claim 32§, wherein m I8 an integer from 1-14, for
example an integer from 2-4 or an mteger 2.
341, The compound of clalm 325, wherein, n i an integer from 125300, for
gxample an integer from 40-400, from 100-350, from 40-50 or from 42-47,
15
342, The compound of claim 325, wherein the compound is & cemmpound of
formula (XV7),
@
RVL ey N O,)LN,@\JQ\ S S A
T, o ' '
§:‘ 2
52
formmala XV,
20 wherein both L' and U¥ are a bond.,
343, The compound of claim 342, wherein cach R'and 87 are independently
alkyt, for example Ce-Ung alkyl, 0.5, Cro-Cig alkyl, 0.g., Crg alioyl
28 344,  The compound of clatm 343, wherein, both R* and R are alk e

straight chain alkyl having the same length, o2, Co-Cog aliyl, 0.8 Co-Cig aiiwzy}‘,, e.8.,
Chpaliovl or Oy alloyl

2483
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345, The compound of claim 342, wherein m is an integer from -1, for

exaniple an integer from 2-4 or an integer 2

4

5 346, The compound of elaim 342, wherein, 1 13 an Integer from 1-300, for
exarnple an integer from 40-400, or from 40-50,
347, The compound of claim 342, wherein, the compound is s compound of
formula (XV7), wheretn L' and L7 are both bonds, R? and R¥ are both alkyd {e.g., Co-Cas
i alkyd, e, O alkoyl, preforrably Cig atkyl), and n is an integer from about 40-460
348, The compound of claim 328, wherein, the comeounst has & formula (XV1)
helow:
3
i ¢ \
‘.,,.-"\\ /“_,.\‘ W NS \/m\/ ~ f/\ «.-"‘\ / /j\ O\;\V /..a*\\‘ \_,«“\A\ ,n"{‘}”\,
- .- ﬁ 0 \ 0}, " .
ff\\/ fﬁ\'\«" j«\\;{,_/*\\ N /.p\ * i
18 formula {XV1), wherein the repeating PRG muoiety has an average moleculay
weight of 2000 with n value between 42 and 47.
34%,  The compound of claim 348, wherein the compound of formuda XV1kga
steres isomer with preferred absolute configuration ‘R’ {o.g., having an erantipmeric
30 excesy of B isomer suck as 90%, 95%, 97%, 98%, 99%).

204



PCT/US2007/080331

WO 2008/042973

1713

9 BBUIN 4 860N ¥ BBCON © 860N

A

L @inbi-

HA SARE[Y



PCT/US2007/080331

WO 2008/042973

(s

o)

~ pejiely =y 860N
{11 1owios1) pajiel-¢ = ¢ 860N

{11 + | 1oW0s)) pajieG = Z 360N
(1 1owios) pojiey-g = L 860N

Gybwg 'z ¢ 260N Bwlwgz cgean  Bybwgy 7 860N yBuwig? L 860N JOLUGD SHd

5
% 2
e A i

o

A4 9AIBI8 Y



PCT/US2007/080331

WO 2008/042973

¢

L&

BEON POHERG BaRod 88 d

¢ a4nbi

fiAd PAREY



PCT/US2007/080331

WO 2008/042973

o

BN GOT *PaLU0ISnIRg W GO L SBRLP Ui [y 5

i i i AN NSNS 55 5 R P rronr N. —\

WA sagepey



PCT/US2007/080331

WO 2008/042973

Pt e N i T

T e N e

-
m?ﬂ.\a k<

e

u
] .
- ,.:.,\M‘?.i.\\ ot

ALy

1A . s B P o
T S e NP, 14 B

e - - Koo S RS N - P i
mww_dO\f.«?O.i\ ,:}:. A € M i T SVl . A

A D S G SV g NP G e N

Py 2 IS SRy

R e S

¥ 1Aysiahing

Q 3\!.{\\.‘/ e o e P s

o Q J\.z...:\ 163 e

B ,?an,\) m.uwf.\ 5

i

B 3\.{.@@ e Ov:{.\.:. 2‘ o "~ wUr.,\\f.:\.Ds\\...f\,\::(.\: R e i S
! 9

oo Ry & RisLApy
S, m m- « G,ﬁi.\ I L N N A ITA N
P g o R "

o 9 6.2 e~ i R Lo e A L« 10 < PPN

o D\.fr‘ﬂ s 1.;.... Pract X o, )..du S LN A e R R i Tl S L e N

i G e 4 o
1himmye

Ayt (4 PIESS

B

i h_w . " 0 TP T g P G P R e B uﬂ Y @ ) O.}.J\\i....y\}f NP N NS S 3
Byt Do O TN D D i o S o s SO~ Doy B B o e P
& . H G
haREs ; A e
ﬁ I} N ﬂ\u.\a!:\\ﬁ.}\.\ B N g P S s Y 5 4 ﬁa\«:f\\:ﬁ B N R
DT Al L F Y T ﬂ\0:&\#;\@.{\}f.‘\?f.x\f.\xf..\\x{\?.s‘,\},.\}/\ Sy h Gy b \O,\ e Bt e P T S N Pt

b

Tl

G a.nbi4



WO 2008/042973

5
4

vo FVII assay result

ion in vi

ND98 formulati

2
="

Fig. 6

6/ 13

T + LS t

L A L R S A
A sanmpRy

fiypiiansg
L 5 A EEHINRE IO

Puyiauy

3 Zisaonepenng

St
§ § SUOREERUIGE

fgpbog
3 5 MU ORI RG]

fpfag
BEUPHEPBLINE

Fapfigag
SRR 348E

g Batay
P ARG

gy
RS G TR D

354 31180
GHURIE PRI

o frasg
$E BN B

Bapiaag
CHBOTIIRILINE

Gapitug
SRR

By
PRSI TG RITIVTY

§ enne $8qa

PCT/US2007/080331



PCT/US2007/080331

WO 2008/042973

13

poIp SIDWIUY By/Bw g1 ‘'z ‘¢ 1o sebBubnys ybiom agpivaiddn op
00'g
00'p
00'¢-
ooe- &
S
oo m
0o
ool
00°¢

uoyoeaiu) Bay/6w gL sibuls 1eyy wps ybiem jpuly

peonpay si oljey

m_m“@mﬁﬂ S posesuoul] sl %Eﬁmkm 01 uoieinluio4 ./ adn



PCT/US2007/080331

WO 2008/042973

13

e,

Lt

{

NS LB

7~ IVOEN W
401 JoveY %EE
SUIRIIOT BIRXIN

BUBIUB
wisk g YBriorgy
X& epnapy
BHBIED
1QUBRYLT %SE
smunsedy
Aydue 1203

150 R




PCT/US2007/080331

WO 2008/042973

13

B Gsr 3

B o
A1 WAHndY Basraody

B (g St Byl i Gspiuss

% i

Guptinss Dasiis
L Aoty 5 gy

z fody

prsests - 0
............ . g0
..................................... . >W\;Q
D . O - AR /. NN, S ce oo B horeeconniiirnies 53 W.\m
- Ao OO - - b e M
o 50 &
- &
3
................................................................... A m_
...................................... o 287 W
.‘U
. S W 1)
------------------------------------------------------------------------------------------------------------ - m.w

Gybuw p BybBwg Bybwoy Bybw  Bybw

neAedy Aoy jagody 7 und LA

By

Fifd

B R PRI I 34

YNHW 1oA1] gody
Buffu S B B
zoody  candy G aody

[ S—

he N
=

5]
be]

HW AL AT sAERY

180

-3

A1




PCT/US2007/080331

WO 2008/042973

13

10

sandieun Yo 4

£

| uopeni wizy

&

S9d oy
0} abuByoX? JBYNyg 'IBAOLIRL [OUBLLY L0 MR

&

DJEDUWOE  vowanvu

Ed

I aayrey snosobe

| oumigie ug wNIS /  wojsnnxg

sauRIgUIDW
Wi g

4

.....................................

Aoy snoanby

ounuge u Epde

0Ol wémi




PCT/US2007/080331

WO 2008/042973

13

11

3138 Wyl 4Lt DY Wil ¢p

UiBl0dd {IAd BAREIRY



PCT/US2007/080331

WO 2008/042973

e

3

D AT OSUSBIIR B SR GURsE

1y sugodsung

Upz <y

abeenieg

o]
poed
sfspieniad

- 004

£

C

| ®inbi-

pajeinuuojun




PCT/US2007/080331

WO 2008/042973

.,

£y

gl S bO 21D 20 D

124

‘93d O3d -D3d DEd -93d 93 -9Id

T A

ieiodd HAL éﬂ!'}ﬂa&i




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - description
	Page 101 - description
	Page 102 - description
	Page 103 - description
	Page 104 - description
	Page 105 - description
	Page 106 - description
	Page 107 - description
	Page 108 - description
	Page 109 - description
	Page 110 - description
	Page 111 - description
	Page 112 - description
	Page 113 - description
	Page 114 - description
	Page 115 - description
	Page 116 - description
	Page 117 - description
	Page 118 - description
	Page 119 - description
	Page 120 - description
	Page 121 - description
	Page 122 - description
	Page 123 - description
	Page 124 - description
	Page 125 - description
	Page 126 - description
	Page 127 - description
	Page 128 - description
	Page 129 - description
	Page 130 - description
	Page 131 - description
	Page 132 - description
	Page 133 - description
	Page 134 - description
	Page 135 - description
	Page 136 - description
	Page 137 - description
	Page 138 - description
	Page 139 - description
	Page 140 - description
	Page 141 - description
	Page 142 - description
	Page 143 - description
	Page 144 - description
	Page 145 - description
	Page 146 - description
	Page 147 - description
	Page 148 - description
	Page 149 - description
	Page 150 - description
	Page 151 - description
	Page 152 - description
	Page 153 - description
	Page 154 - description
	Page 155 - description
	Page 156 - description
	Page 157 - description
	Page 158 - description
	Page 159 - description
	Page 160 - description
	Page 161 - description
	Page 162 - description
	Page 163 - description
	Page 164 - claims
	Page 165 - claims
	Page 166 - claims
	Page 167 - claims
	Page 168 - claims
	Page 169 - claims
	Page 170 - claims
	Page 171 - claims
	Page 172 - claims
	Page 173 - claims
	Page 174 - claims
	Page 175 - claims
	Page 176 - claims
	Page 177 - claims
	Page 178 - claims
	Page 179 - claims
	Page 180 - claims
	Page 181 - claims
	Page 182 - claims
	Page 183 - claims
	Page 184 - claims
	Page 185 - claims
	Page 186 - claims
	Page 187 - claims
	Page 188 - claims
	Page 189 - claims
	Page 190 - claims
	Page 191 - claims
	Page 192 - claims
	Page 193 - claims
	Page 194 - claims
	Page 195 - claims
	Page 196 - claims
	Page 197 - claims
	Page 198 - claims
	Page 199 - claims
	Page 200 - claims
	Page 201 - claims
	Page 202 - claims
	Page 203 - claims
	Page 204 - claims
	Page 205 - claims
	Page 206 - claims
	Page 207 - drawings
	Page 208 - drawings
	Page 209 - drawings
	Page 210 - drawings
	Page 211 - drawings
	Page 212 - drawings
	Page 213 - drawings
	Page 214 - drawings
	Page 215 - drawings
	Page 216 - drawings
	Page 217 - drawings
	Page 218 - drawings
	Page 219 - drawings

