
PYRIDINE COMPOUNDS FOR THE TREATMENT OF PROSTAGLANDIN
MEDIATED DISEASES This invention relates to pyridine
compounds, to processes for their preparation, to
pharmaceutical compositions containing them and to
their use in medicine, in particular their use in the
treatment of conditions mediated by the action of
PGE2at the EPi receptor. Prostaglandin receptors,
including the EP1-4 , DP, FP IP and TP receptors are
the effector proteins for the products
(prostaglandins) downstream of COX- 1/2 activation
(PGE2, PGD2, PGF2a, PGI2 and thromboxane
respectively). The NSAIDS (nonsteroidal
anti-inflammatory drugs) are indiscriminate
cyclooxygenase inhibitors and reduce the levels of
these prostaglandins. This in turn reduces the action
of the prostaglandins at their respective receptors.
In view of the relatively large number of receptors
affected, the pharmacology of the NSAIDS is complex.
The EPi receptor is a 7-transmembrane receptor and its
natural ligand is the prostaglandin PGE2. PGE2 also
has affinity for the other EP receptors (types EP2,
EP3 and EP4). The EP1 receptor is associated with
smooth muscle contraction, pain (in particular
inflammatory, neuropathic and visceral), inflammation,
allergic activities, renal regulation and gastric or
enteric mucus secretion. We have now found a novel
group of compounds which bind with high affinity to
the EPi receptor. These compounds are antagonists of
the EP1 receptor. A number of review articles describe
the characterization and therapeutic relevance of the
prostanoid receptors as well as the most commonly used
selective agonists and antagonists: Eicosanoids; From
Biotechnology to Therapeutic Applications, Folco,
Samuelsson, Maclouf, and VeIo eds, Plenum Press, New
York, 1996, chap. 14, 137-154 and Journal of Lipid
Mediators and Cell Signalling, 1996, 14, 83-87 and
Prostanoid Receptors, Structure, Properties and
Function, S. Narumiya etal, Physiological Reviews
1999, 79(4), 1193-126. An article from The British
Journal of Pharmacology,1994, 112, 735- 740 suggests
that Prostaglandin E2 (PGE2) exerts allodynia through
the EP1 receptor subtype and hyperalgesia through EP2
and EP3 receptors in the mouse spinal cord.
Furthermore an article from The Journal of Clinical
Investigation, 2001 , 107 (3), 325 shows that in the
EP1 knock-out mouse pain-sensitivity responses are
reduced by approximately 50%. Two papers from
Anesthesia and Analgesia have shown that (2001 , 93,
10 12-7) an EP1 receptor antagonist (ONO-871 1)
reduces hyperalgesia and allodynia in a rat model of
chronic constriction injury, and that (2001, 92,
233-238) the same antagonist inhibits mechanical
hyperalgesia in a rodent model of post-operative pain.
S. Sarkaref a/in Gastroenterology, 2003, 124(1), 18-25
demonstrate the efficacy of EP1 receptor antagonists
in the treatment of visceral pain in a human model of
hypersensitivity. In The American Physiological
Society (1994, 267, R289-R-294), studies suggest that
PGE2-induced hyperthermia in the rat is mediated
predominantly through the EP1 receptor.The TP (also
known as TxA2) receptor is a prostanoid receptor
subtype stimulated by the endogenous mediator
thromboxane. Activation of this receptor results in
various physiological actions primarily incurred by
its platelet aggregatory and smooth muscle
constricting effects, thus opposing those of
prostacyclin receptor activation. TP receptors have
been identified in human kidneys (G.P. Brown et al,
Prostaglandins and other lipid ea7afors,1999, 57
,179-188) in the glomerulus and extraglomerular
vascular 



tissue. Activation of TP receptors constricts
glomerular capillaries and suppresses glomerular
filtration rates (M.D. Breyer et al, Current Opinion
in Nephrology and Hypertension, 2000, 9, 23-29),
indicating that TP receptor antagonists could be
useful for renal dysfunction in glomerulonephritis,
diabetes mellitus and sepsis. Activation of TP
receptors induces bronchoconstriction, increase in
microvascular permeability, formation of mucosal
oedema and mucus secretion, typical characteristic
features of bronchial asthma (T. Obata et al, Clinical
Review of Allergy, 1994, 12(1) . 79- 93). TP
antagonists have been investigated as potential asthma
treatments resulting in, for example, orally active
Seratrodast (AA-2414) (S. Terao et al, Yakugaku
Zasshi, 1999, 119(5) . 377-390). Ramatroban is another
TP receptor antagonist currently undergoing phase III
clinical trials as an anti-asthmatic compound.
Antagonists at the TP receptor have been shown to have
a gastroprotective effect. In rats it has been shown
that SQ 33961 and BM 13505 inhibit gastric lesions
induced by taurocholate acid, aspirin or indomethacin
(E.H. Ogletree et al, Journal of Pharmacology and
Experimental Therapeutics, 1992, 263(1 ). 374-380.
Certain compounds of the present invention also
exhibit antagonism at the TP receptor and are
therefore indicated to be useful in treating
conditions mediated by the action of thromboxane at
the TP receptor. Such conditions include those
disclosed in WO 2004/039807 (Merck Frosst Canada & Co)
which is incorporated herein by reference, and include
respiratory diseases e.g. asthma, allergic diseases,
male erectile dysfunction, thrombosis, renal disorders
and gastric lesions. WO 96/06822 (7 March 1996), WO
96/1 1902 (25 April 1996), EP 752421 -A1 (8 January
1997), WO 01/19814 (22 March 2001), WO 03/084917 (16
October 2003), WO 03/101959 (11 December 2003), WO
2004/039753 (13 May 2004), WO 2004/083185 (30
September 2004), WO 2005/037786 (28 April 2005), WO
2005/037793 (28 April 2005), WO 2005/037794 (28 April
2005), WO 2005/040128 (6 May 2005), WO 2005/054191 (16
June 2005) and WO2005/1 08369 (17 November 2005)
disclose compounds as being useful in the treatment of
prostaglandin mediated diseases.P. Lacombe et al
(220th National Meeting of The American Chemical
Society, Washington D.C., USA, 20-24 August, 2000)
disclosed 2,3-diarylthiophenes as ligands for the
human EPi prostanoid receptor. Y. Ducharme et a/ (18th
International Symposium on Medicinal Chemistry;
Copenhagen, Denmark and Malmo, Sweden; I S - i 1August
2004) disclosed 2,3-diarylthiophenes as EP1 receptor
antagonists. Y. Ducharme et al, Biorg. Med. Chem.
Lett., 2005, 15(4): 1155 also discloses
2,3-diarylthiophenes as selective EP1 receptor
antagonists. DT 2602340 A 1 discloses certain benzyl
picolinic acid derivatives as hypotensive agents and
dopamine b-hydroxylase inhibitors. Accordingly the
present invention provides compounds of formula (I):
wherein: X is N and Y is CH, or X is CH and Y is N; Z
is O, S, SO or SO2; R1 is CO2H, CONHSO2R6, CH2CO2H,
NR4COR7, tetrazole or CH2tetrazole; R2a and R2b are
each independently selected from hydrogen, halo, CN,
SO2alkyl, SR5, 



NO2, optionally substituted alkyl, optionally
substituted alkoxy, optionally substituted aryl, and
optionally substituted heteroaryl; R3a and R3b are
each independently selected from hydrogen, halo,
optionally substituted alkyl, optionally substituted
alkoxy, or NR10R11 ; Rx is optionally substituted
alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted
CQaQb-heterocyclyl, optionally substituted
CQaQb-bicyclic heterocyclyl, or optionally substituted
CQaQb-aryl; R4 is hydrogen or an optionally
substituted alkyl; R5 is hydrogen or an optionally
substituted alkyl; R6 is optionally substituted alkyl,
optionally substituted aryl, or optionally substituted
heterocyclyl; R7 is optionally substituted alkyl,
optionally substituted heterocyclyl, optionally
substituted aryl, optionally substituted alkoxy,
optionally substituted heterocyclyloxy or optionally
substituted aryloxy; R8 is hydrogen, fluorine or
alkyl; R9 is hydrogen, hydroxy, fluorine or alkyl; or
R8 and R9 together with the carbon to which they are
attached form a cycloalkyl ring, optionally containing
up to one heteroatom selected from O, S, NH and
N-alkyl; or R8 and R9together with the carbon to which
they are attached form a carbonyl group;Qa and Qb are
each independently selected from hydrogen, CH3 and
fluorine; R10 and R1 1 are each independently selected
from hydrogen or alkyl; or R10 and R11 together with
the nitrogen to which they are attached form an
aliphatic heterocyclic ring, optionally containing an
additional heteroatom selected from O, S, NH and
N-alkyl; and derivatives thereof. Optional
substituents for alkyl, alkenyl or alkynyl groups
include OH, CO2Ry, NRyRz, (O), OC1. 6alkyl or halo,
wherein Ry and Rz are independently selected from
hydrogen and C1-6alkyl. An alkyl group may be
substituted by one or more optional substituents, for
example up to 5, 4, 3, or 2 optional substituents.
Optional substituents for aryl, heteroaryl or
heterocyclyl moieties as a group or part of a group
are selected from optionally substituted C^alkyl,
optionally substituted C1^aIkOXy and halogen. Suitably
Z is O. Suitably R1 is CO2H, CONHSO 2R6 or tetrazole.
In one aspect R1 is CO2H. In one aspect R2a and R2b
independently represents hydrogen, halo, optionally
substituted alkyl, optionally substituted alkoxy, CN,
S0 2alkyl, SR5, or NO2. Suitably R2a is hydrogen.
Suitably R2b is selected from halogen e.g. Cl.
Preferably R2b is positioned 1,4- relative to the Z
substituent and 1,3- relative to the methylene pyridyl
moiety. Suitably R3 and R3b are each independently
selected from hydrogen, methyl or chloro. In one
aspect R3a is hydrogen and R3b is hydrogen, chloro or
methyl. In another aspect R3a and R3b are each
hydrogen. In one embodiment in which X is N and Y is
CH, R3a is hydrogen and R3b is methyl, the methyl
group is not positioned ortho relative to the R1
group. 



When X or Y is CH, the hydrogen may be replaced by R3a
or R3b. In one embodiment, X is N and Y is CH. In one
aspect, when X is N and Y is CH then R33 is hydrogen
and R3b is hydrogen. In another aspect, when X is N
and Y is CH then R3a is hydrogen and R3b is CH3 and is
positioned on the carbon atom in the para position
relative to the R1 group. In anotheraspect, when X is
N and Y is CH then R is hydrogen and R3b is chloro and
is positioned on the carbon atom in the meta position
relative to the R1 group. Suitably when Rx represents
optionally substituted alkyl this group is C3^alkyl,
for example 1-methylethyl, 2-methylpropyl,
2-ethylbutyl, cyclopentyl, cyclopropylmethylene,
cyclopentylmethylene, and cyclohexylmethylene. In one
aspect the alkyl group is unsubstituted. Suitably when
Rx represents optionally substituted alkenyl this
group is C^alkenyL for example 2-methyl-2-propen-1-yl.
In one aspect the alkenyl group is unsubstituted.
Suitably when Rx represents optionally substituted
alkynyl this group is C^alkynyl. When Rx represents
optionally substituted CQaQb-heterocyclyl, optionally
substituted CQaQb-bicyclic heterocyclyl or optionally
substituted CQaQb-aryl, suitably Rx includes
optionally substituted CH2-heterocyclyl, optionally
substituted CH2-bicyclic heterocyclyl or optionally
substituted CH2-aryl e.g optionally substituted
CH2-phenyl. Optional substituents when Rx is
CH2-phenyl include one, two or three substituents each
independently selected from Cl and F. In one aspect Rx
represents C alky!, C^alkenyl, or optionally
substituted CH2-phenyl. Suitably R4 includes hydrogen
and C1-6alkyl. In one aspect R4 is hydrogen or
C1-3alkyl. Suitably R5 includes hydrogen and d^alkyl.
In one aspect R5 is hydrogen and C1-3alkyl. Suitably
R6 is optionally substituted C^alkyl, optionally
substituted aryl, or optionally substituted
heterocyclyl. In one aspect R6 is optionally
substituted C1-4alkyl, optionally substituted aryl, or
optionally substituted heterocyclyl. When R6 is
optionally substituted aryl, suitably it is optionally
substituted phenyl. Suitable optional substituents
when R6 is phenyl include halogen, e.g. chloro and
bromo, OC1-4alkyl, and NHCOC alkyl. When R6 is
optionally substituted heterocyclyl in one aspect it
is optionally substituted isoxazolyl, e.g.
3,5-dimethylisoxazol-4-yl. Suitably R7 includes
C1-6alkyl, heteroaryl, heterocyclyl or phenyl.
Suitably R8 includes hydrogen.Suitably R9 includes
hydrogen. Suitably Qa is hydrogen. Suitably Qb is
hydrogen. In one aspect the compound of formula (I) is
a compound of formula (IA): wherein: X is N and Y is
CH, or X is CH and Y is N; R1 is CO2H, CONHSO 2R6, or
tetrazole; R2 is halogen; R3 is hydrogen, halogen, or
optionally substituted alkyl; Rx is optionally
substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted
CQaQb-heterocyclyl, optionally substituted
CQaQb-bicyclic 



heterocyclyl, or optionally substituted CQaQb-aryl; R6
is optionally substituted alkyl, optionally
substituted aryl, or optionally substituted
heterocyclyl; and Qa and Qb are each independently
selected from hydrogen, CH3 and fluorine; and
derivatives thereof. Optional substituents for alkyl,
alkenyl or alkynyl groups include OH, C0 2Ry, NRyRz,
(O), OC1 6alkyl or halo, wherein Ry and Rz are
independently selected from hydrogen and C1-6alkyl. An
alkyl group may be substituted by one or more optional
substituents, for example up to 5, 4, 3, or 2 optional
substituents. Optional substituents for aryl,
heteroaryl or heterocyclyl moieties as a group or part
of a group are selected from optionally substituted
and halogen. In one embodiment R1 is CO2H. In one
aspect R2 is chlorine. Suitably R3 is hydrogen, chloro
or methyl, particularly hydrogen. In one embodiment in
which X is N and Y is CH, R3a is hydrogen and R3b is
methyl, the methyl group is not positioned ortho
relative to the R1 group.In one embodiment, X is N and
Y is CH. When X or Y is CH the hydrogen may be
replaced by R3. In one aspect, when X is N and Y is CH
then R3 is hydrogen. In another aspect, when X is N
and Y is CH then R3 is CH3 and is positioned on the
carbon atom in the para position relative to the R1
group. In yet another aspect, when X is N and Y is CH
then R3 is chloro and is positioned on the carbon atom
in the meta position relative to the R1 group.
Suitably Rx is optionally substituted C alky!,
optionally substituted C^alkenyl, optionally
substituted C3-8alkynyl, optionally substituted
CQaQb-heterocyclyl, optionally substituted
CQaQb-bicyclic heterocyclyl, or optionally substituted
CQaQb-aryl. In one aspect Rx is optionally substituted
C alky!, optionally substituted Ca^alkenyl, or
optionally substituted CHrphenyl. In yet another
aspect Rx is Ca-salkyl, Cs^alkenyl, or optionally
substituted CH2- phenyl. In a more particular aspect,
Rx is optionally substituted CH2-phenyl. Optional
substituents when Rx is substituted CH2-phenyl include
one, two or three substituents each independently
selected from Cl and F. More particularly, when Rx is
substituted CH2-phenyl, the phenyl group may be
optionally substituted at the 4-position relative to
the methylene moiety with a chlorine atom and at the
2-position relative to the methylene moiety with a
fluorine atom. Suitably R6 is optionally substituted
C1-6alkyl, optionally substituted phenyl, or
optionally substituted heterocyclyl. Suitable optional
substituents when R6 is phenyl include halogen, e.g.
chloro and bromo, When R6 is optionally substituted
heterocyclyl in one aspect it is optionally
substituted isoxazolyl, e.g. 3,5-dimethylisoxazol-4-
yi- Suitably Qa and Qbare each hydrogen. In a more
particular aspect, the compound of formula (I) is a
compound of formula (IA) wherein: X is N and Y is CH;
R1 is CO2H, CONHSO 2R6, or tetrazole; 



R2 is halogen; R3 is hydrogen; R" is alkyl, alkenyl,
or -CH2-aryl, wherein said aryl group is optionally
substituted by one or more halogen atoms; R6 is alkyl,
optionally substituted aryl, or optionally substituted
heterocyclyl wherein the optional substituents on the
aryl and heterocyclyl groups are selected from the
group consisting of halogen, C^alkyl and C^alkoxy;and
derivatives thereof. In one embodiment R1 is CO2H. In
another embodiment, R2 is chlorine. In a further
embodiment, Rx represents -CH2-aryl, wherein said aryl
group is optionally substituted by one or more halogen
atoms, particularly -CH2-phenyl, wherein said phenyl
group is optionally substituted by one or more halogen
atoms. Even more particularly, Rx represents
CH2-phenyl substituted with one, two or three halogen
atoms each independently selected from Cl and F. More
particularly, when Rx is substituted CH2-phenyl, the
phenyl group may be optionally substituted at the
4-position relative to the methylene moiety with a
chlorine atom and at the 2-position relative to the
methylene moiety with a fluorine atom. Compounds of
formula (I) include the compounds of examples 1 to 4 1
and derivatives thereof. In one embodiment, compounds
of the invention do not include:
5-[(5-chloro-2-{[(2,6-difluorophenyl)methyl]oxy}phenyl
)methyl]-3-pyridinecarboxylic acid;
6-[(5-Chloro-2-{[(4-chloro-2-fluorophenyl)methyl]oxy}-
phenyl)methyl]- L/-[(3,5-
dichlorophenyl)sulphonyl]-2-pyridinecarboxamide;
6-[(5-Chloro-2-{[(4-chloro-2-fluorophenyl)methyl]oxy}-
phenyl)methyl]- L/-{[4-
methoxyphenyl]sulphonyl}-2-pyridine-carboxamide;
6-[(5-Chloro-2-{[(4-chloro-2-fluorophenyl)methyl]oxy}p
henyl)methyl]-3-methyl-2- pyridinecarboxylic acid;
and/or 6-({5-Chloro-2-[(1
,1-dimethylethyl)oxy]phenyl}methyl)-2-pyridinecarboxyl
ic acid. In a more particular embodiment, compounds of
the invention do not include:
5-[(5-chloro-2-{[(2,6-difluorophenyl)methyl]oxy}phenyl
)methyl]-3-pyridinecarboxylic acid;
6-[(5-Chloro-2-{[(4-chloro-2-fluorophenyl)methyl]oxy}-
phenyl)methyl]- L/-[(3,5-
dichlorophenyl)sulphonyl]-2-pyridinecarboxamide;
and/or
6-({5-Chloro-2-[(1,1-dimethylethyl)oxy]phenyl}methyl)-
2-pyridinecarboxylic acid. An example of a compound of
formula (I) is 6-[(5-chloro-2-{[(4-chloro-2-
fluorophenyl)methyl]oxy}phenyl)methyl]-2-pyridinecarbo
xylic acid or a derivative thereof, particularly a
pharmaceutically acceptable derivative thereof.
Pharmaceutically acceptable derivatives include salts
formed with sodium, methanesulfonic acid or
tris(hydroxymethyl)aminomethane (trometamol).
Derivatives of the compound of formula (I) include
salts, solvates (including hydrates), solvates
(including hydrates) of salts, esters and polymorphs
of the compound of formula(I). Derivatives of the
compounds of formula (I) include pharmaceutically
acceptable derivatives. It is to be understood that
the present invention encompasses all isomers of
formula (I) 



and their pharmaceutically acceptable derivatives,
including all geometric, tautomeric and optical forms,
and mixtures thereof (e.g. racemic mixtures). Where
additional chiral centres are present in compounds of
formula (I), the present invention includes within its
scope all possible diastereoismers, including mixtures
thereof. The different isomeric forms may be separated
or resolved one from the other by conventional
methods, or any given isomer may be obtained by
conventional synthetic methods or by stereospecific or
asymmetric syntheses. The present invention also
includes isotopically-labelled compounds, which are
identical to the compounds of formula (I), except that
one or more atoms are replaced by an atom having an
atomic mass or mass number different from the atomic
mass or mass number usually found in nature. Examples
of isotopes that can be incorporated into compounds of
the invention include isotopes of hydrogen, carbon,
nitrogen, oxygen, phosphorous, fluorine, iodine, and
chlorine, such as 2H, 3H, 1 1C, 14C, 18F, 35S, 123I
and 125 I. Compounds of the present invention and
pharmaceutically acceptable derivatives (e.g. salts)
of said compounds that contain the aforementioned
isotopes and/or other isotopes of other atoms are
within the scope of the present invention.
Isotopically-labelled compounds of the present
invention, for example those into which radioactive
isotopes such as 3H and/or 14C are incorporated, are
useful in drug and/or substrate tissue distribution
assays. 3H and 14C are considered useful due to their
ease of preparation and detectability. 11C and 18F
isotopes are considered useful in PET (positron
emission tomography), and 125I isotopes are considered
useful in SPECT (single photon emission computerized
tomography), all useful in brain imaging. Substitution
with heavier isotopes such as 2H can afford certain
therapeutic advantages resulting from greater
metabolic stability, for example increased in vivo
half-life or reduced dosage requirements and, hence,
are considered useful in some circumstances,
lsotopically labelled compounds of formula (I) of this
invention can generally be prepared by carrying out
the procedures disclosed in the Schemes and/or in the
Examples below, by substituting a readily available
isotopically labelled reagent for a non-isotopically
labelled reagent. The following definitions are used
herein unless otherwise indicated. The term
"pharmaceutically acceptable derivative" means any
pharmaceutically acceptable salt, solvate, ester, or
solvate of salt or ester of the compounds of formula
(I), or any other compound which upon administration
to the recipient is capable of providing (directly or
indirectly) a compound of formula (I). In one aspect
the term "pharmaceutically acceptable derivative"
means any pharmaceutically acceptable salt, solvate or
solvate ofsalt. In an alternative aspect the term
"pharmaceutically acceptable derivative" means any
pharmaceutically acceptable salt. It will be
appreciated that, for pharmaceutical use, the
derivatives referred to above will be pharmaceutically
acceptable derivatives, but other derivatives may find
use, for example in the preparation of compounds of
formula (I) and the pharmaceutically acceptable
derivatives thereof. Pharmaceutically acceptable salts
include those described by Berge, Bighley and
Monkhouse, J. Pharm. Sci., 1977, 66, 1-19. The term
"pharmaceutically acceptable salts" refers to salts
prepared from pharmaceutically acceptable bases
including inorganic bases and 



organic bases. Salts derived from inorganic bases
include aluminum, ammonium, calcium, copper, ferric,
ferrous, lithium, magnesium, manganic salts,
manganous, potassium, sodium, zinc, and the like.
Salts derived from pharmaceutically acceptable organic
bases include salts of primary, secondary, and
tertiary amines; substituted amines including
naturally occurring substituted amines; and cyclic
amines. Particular pharmaceutically acceptable organic
bases include arginine, betaine, caffeine, choline,
N.N'-dibenzylethylenediamine, diethylamine,
2-diethylaminoethanol, 2-dimethylaminoethanol,
ethanolamine, ethylenediamine, N-ethyl-morpholine,
N-ethylpiperidine, glucamine, glucosamine, histidine,
hydrabamine, isopropylamine, lysine, methylglucamine,
morpholine, piperazine, piperidine, procaine, purines,
theobromine, triethylamine, trimethylamine,
tripropylamine, tris(hydroxymethyl)aminomethane (TRIS,
trometamol) and the like. Salts may also be formed
from basic ion exchange resins, for example polyamine
resins. When the compound of the present invention is
basic, salts may be prepared from pharmaceutically
acceptable acids, including inorganic and organic
acids. Such acids include acetic, benzenesulfonic,
benzoic, camphorsulfonic, citric, ethanesulfonic,
ethanedisulfonic, fumaric, gluconic, glutamic,
hydrobromic, hydrochloric, isethionic, lactic, maleic,
malic, mandelic, methanesulfonic, mucic, pamoic,
pantothenic, phosphoric, propionic, succinic,
sulfuric, tartaric, p-toluenesulfonicacid, and the
like. The compounds of formula (I) may be prepared in
crystalline or non-crystalline form, and may be
optionally hydrated or solvated. This invention
includes in its scope stoichiometric hydrates as well
as compounds containing variable amounts of water.
Suitable solvates include pharmaceutically acceptable
solvates, such as hydrates. Solvates include
stoichiometric solvates and non-stoichiometric
solvates. The terms "halogen" or "halo" are used to
represent fluorine, chlorine, bromine or iodine. The
term "alkyl" as a group or part of a group means a
straight, branched or cyclic alkyl group or
combinations thereof. Unless hereinbefore defined,
examples of alkyl include C8alkyl, for example methyl,
ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl,
iso-butyl, t-butyl, pentyl, hexyl, 1,1-dimethylethyl,
cyclopropyl, cyclopentyl or cyclohexyl or combinations
thereof such as cyclopropylmethylene,
cyclohexylmethylene and cyclopentylmethylene. When
used herein the term "cycloalkyl" means a cyclic alkyl
group comprising up to eight carbon atoms in a ring.
The term "alkenyl" means linear or branched structures
and combinations thereof, of the indicated number of
carbon atoms, having at least one carbon-to-carbon
double bond, wherein hydrogen may be replaced by an
additional carbon to carbon double bond. C3- 8alkenyl,
for example, includes 2-methyl-2-propenyl and the
like. The term "alkynyl" means linear or branched
structures and combinations thereof, of the indicated
number of carbon atoms, having at least one
carbon-to-carbon triple bond. C3. 8alkynyl, for
example, includes propynyl and the like. The term
"alkoxy" as a group or as part of a group means a
straight, branched or cyclic chain alkoxy group.
Unless hereinbefore defined "alkoxy" includes
C1-8alkoxy, e.g. methoxy, ethoxy, n-propoxy,
iso-propoxy, n-butoxy, sec-butoxy, iso-butoxy,
t-butoxy, pentoxy, hexyloxy, cyclopentoxy or
cyclohexyloxy. In one aspect "alkoxy" is C1 alkoxy.
The term "heterocyclyl" as a group or as part of a
group means an aromatic or nonaromatic 



five or six membered ring which contains from 1 to 4
heteroatoms selected from nitrogen, oxygen or sulfur
and unsubstituted or substituted by, for example, up
to three substituents, preferably one or two
substituents. Examples of 5-membered heterocycles
include furan, tetrahydrofuran, thiophene,
tetrahydrothiophene, pyrrole, pyrroline, pyrrolidine,
dioxolane, oxazole, thiazole, imidazole, imidazoline,
imidazolidine, pyrazole, pyrazoline, pyrazolidine,
isoxazole, isothiazole, oxadiazole, triazole,
thiadiazole, and tetrazole. Examples of 6-membered
heterocycles include pyran, tetrahydropyran, pyridine,
piperidine, dioxane, morpholine, dithiane,
thiomorpholine, pyridazine, pyrimidine, pyrazine,
piperazine, and triazine. The term "heterocyclyloxy"
as a group or as part of a group refers to an
"-O-heterocyclyl" group, wherein the term
"heterocyclyl" is as defined above. The term
"aliphatic heterocyclyl" as a group or as part of a
group means an aliphatic five or six membered ring
which contains 1 or 2 heteroatoms selected from
nitrogen, oxygen or sulfur and is unsubstituted or
substituted by, for example, up to three substituents,
preferably one or two substituents. The term "aryl" as
a group or part of a group means a 5- or 6-membered
aromatic ring, for example phenyl, or a 7 to 12
membered bicyclic ring system where at least one of
therings is aromatic, for example naphthyl. An aryl
group may be optionally substituted by one or more
substituents, for example up to 4, 3 or 2
substituents. Preferably the aryl group is phenyl. The
term "aryloxy" as a group or as part of a group refers
to an "-O-aryl" group, wherein the term "aryl" is as
defined above. The term "heteroaryl" as a group or as
part of a group means a monocyclic five or six
membered aromatic ring, or a fused bicyclic aromatic
ring system comprising two of such monocyclic five or
six membered aromatic rings. These heteroaryl rings
contain one or more heteroatoms selected from
nitrogen, oxygen or sulfur, where N-oxides, sulfur
oxides and sulfur dioxides are permissible heteroatom
substitutions. A heteroaryl group may be optionally
substituted by one or more substituents, for example
up to 3 or up to 2 substituents. Examples of
"heteroaryl" used herein include furyl, thienyl,
pyrrolyl, imidazolyl, pyrazolyl, triazolyl,
tetrazolyl, thiazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiadiazolyl, isothiazolyl, pyridinyl,
pyrimidinyl, quinolinyl, isoquinolinyl, benzofuryl,
benzothienyl, indolyl, and indazolyl. The term
"bicyclic heterocyclyl" when used herein means a fused
bicyclic aromatic or nonaromatic bicyclic heterocyclyl
ring system comprising up to four, preferably one or
two, heteroatoms each selected from oxygen, nitrogen
and sulphur. Each ring may have from 4 to 7,
preferably 5 or 6, ring atoms. A bicyclic
heteroaromatic ring system may include a carbocyclic
ring. Examples of bicyclic heterocyclyl groups include
quinolinyl, isoquinolinyl, quinoxalinyl, quinazolinyl,
pyridopyrazinyl, benzoxazolyl, benzothiophenyl,
benzimidazolyl, benzothiazolyl, benzoxadiazolyl,
benzthiadiazolyl, indolyl, benztriazolyl or
naphthyridinyl. When the heteroatom nitrogen replaces
a carbon atom in an alkyl group, or when nitrogen is
present in a heteroaryl, heterocyclyl or bicyclic
heterocyclyl group, the nitrogen atom will, where
appropriate be substituted by one or two substituents
selected from hydrogen and Ci-salkyl, preferably
hydrogen and C1-6alkyl, more preferably hydrogen. 



Compounds of formula (I) can be prepared as set forth
in the following scheme and in the examples. The
following processes form another aspect of the present
invention. For example, compounds of formula (I)
wherein R1 is CO2H, hereinafter referred to as
compounds of formula (IB), may be prepared by the
general route shown in Scheme I below: Scheme I(V)
(IV) Deprotection wherein L1 and L2 are halo groups,
selected for example from bromo and iodo; X, Y, Z,
R2a,R2b, R3 ,R3b, R8, R9, and R are as defined for
compounds of formula (I); and P and P1 are protecting
groups. Compounds of formula (IB) may be prepared from
an intermediate of formula (II) by reaction with a
suitable source of Rx wherein Rx is as defined for a
compound of formula (I). Suitable sources of Rx
include RXOH, RxBr, RxOTs and RxOMs. Suitable reaction
conditions when the source of Rx is RxBr include
heating in the presence of a base e.g. potassium
carbonate in a suitable solvent e.g. acetone or
N,N-dimethylformamide, followed by removal of
protecting group P. Alternatively the compound of
formula (IB) may be prepared by the reaction with RXOH
under Mitsunobu conditions
(PrbP/diisopropylazodicarboxylate) (O. Mitsunobu et
al., Bull. Chem. Soc. Japan, 40, 935 (1967); O.
Mitsunobu, Y. Yamada, ibid. 2380), followed by removal
of the protecting group P. Suitable protecting groups
will be known to the skilled person. Suitably P is
C1-4alkyl or optionally substituted benzyl.Suitable
deprotection methods will be known to the skilled
person. Conditions for the deprotection of an ester to
give the corresponding carboxylic acid are known to
those skilled in the art and include heating in the
presence of a suitable base, e.g. aqueous sodium
hydroxide, in a solvent e.g. an alcohol. Suitable
conditions for the reaction of a compound of formula
(III) with a compound of formula (IV) to give a
compound of formula (II) include treating the compound
of formula (IV) with activated zinc in a suitable
solvent, e.g. tetrahydrofuran, and adding the
resulting reagent to the compound of formula (III) in
the presence of
tetrakis(triphenylphosphine)palladium(0). Suitably P1
is benzyl when Z is O. Removal of the protecting group
P1 can be achieved by heating with sodium
methanethiolate in N,N-dimethylformamide. The skilled
person will recognise that this procedure may also
result in the loss of the P group. A protecting group
may be replaced by conventional means. Alternatively
compounds of formula (I) wherein R1 is CO2H [compounds
of formula (IB)], may be prepared by the general route
shown in Scheme II:Scheme Il wherein P is a protecting
group (e.g. methyl or ethyl), L is a leaving group
(e.g. Br), L3 is an activating group e.g. boronic acid
or a boronic ester, L4 is a leaving group (e.g. Cl),
and X, Y, Z, R2a ,R2b, R3a, R3b, R8, R9, and Rx are as
defined for compounds of formula (I). Compounds of
formula (IB) may be prepared by reaction of an
intermediate of formula (Vl) with an intermediate of
formula (VII). Suitably the intermediate of formula
(VII) is a boronic acid [L3 is B(OH) 2] or a boronic
ester [L3 is e.g.
4>4,5,5,-tetramethyl-1,3,2-dioxaborolane]. 



Suitably L4 of the compound of formula (Vl) is chloro.
Suitable reaction conditions when (VII) is a boronic
acid or ester and L4 of the compound of formula (Vl)
is chloro include heating the intermediates in the
presence of tetrakis(triphenylphosphine)palladium(0)
and a base, e.g. potassium carbonate, in a suitable
solvent system (e.g. from 1:1 to 15:1
toluene/ethanol), followed by removal of protecting
group P.Intermediates of formula (VII) when L3 is
B(OH)2 may be prepared according to conventional
methods from the corresponding iodobenzene of formula
(VIII) by treatment with isopropylmagnesium bromide
followed by trimethyl borate in a suitable solvent
such as tetrahydrofuran under anhydrous conditions in
an inert atmosphere. Intermediates of formula (VII)
when L3 is a boronic ester may be prepared under
similar conditions, and by using, for example,
isopropyltetramethyldioxaborolane instead of trimethyl
borate. Intermediates of formula (VIII) may be
prepared, for example, by the reaction of a compound
of formula (Xl) with RXL. Suitable reaction conditions
include heating the compounds together in the presence
of a base (e.g. potassium carbonate) in a suitable
solvent, for example acetone. The skilled person will
appreciate that when Z is SO or SO2, the alkylation
step is carried out when Z is S, and the sulfur is
then oxidised to the required oxidation state by
conventional means at an appropriate stage in the
synthesis. Intermediates of formula (Vl) where L4 is
chloro may be prepared, for example, from the
corresponding hydroxy intermediate of formula (IX).
Suitable reaction conditions include reacting the
compound of formula (IX) with thionyl chloride in a
suitable solvent such as dichloromethane. It will be
recognised to those skilled in the art that the
compounds of formula (I) wherein R1 is other than CO2H
can be derived from the carboxylic acid (IB).
Compounds wherein R1 is an acylsulfonamide, can be
prepared by activation of the carboxylic acid, for
example by forming the acid chloride (for example by
reaction of the carboxylic acid with thionyl chloride)
followed by reaction with a sulfonamide respectively.
Other derivatives may be accessed by using the Curtius
reaction (P.A.S. Smith, Org. React. 3, 337.449 (1946)
and J.H. Saunders, R. J. Slocombe, Chem. Rev. 43, 205
(1948)), followed by deprotection of the resulting
carbamate and reaction with a carboxylic acid
derivative such as an acid chloride. Compounds where a
methylene group has been inserted between the pyridine
ring and the carboxylic acid group may be prepared
using the Amdt-Eistert reaction (F. Arndt, B. Eistert,
Ber. 68, 200 (1935), W. E. Bachmann, W. S. Struve,
Org. React. 1, 38-62 (1942), G. B. GiII 1 Comp. Org.
Syn. 3, 888-889 (1991 ), T. Aoyama, Tetrahedron
Letters, 2 1, 4461 (1980)). It will be recognised to
those skilled in the art that tetrazoles may be formed
from carboxylic acids by converting the carboxylic
acid to the primary amides, for example by reaction
with sulfonyl chloride followed by ammonia, followed
by dehydration of the amide to the nitrile, for
example by heating in phosphorous oxychloride,
followed by reaction with azide. Accordingly the
present invention also provides a process for the
preparation of a compound of formula (I) or a
derivative thereof:wherein: X is N and Y is CH or X is
CH and Y is N; Z is O, S, SO or SO2; R1 is CO2H,
CONHSO2R6, CH2CO2H, NR4COR7, tetrazole or
CH2tetrazole; 



R2a and R2b are each independently selected from
hydrogen, halo, CN, SO2alkyl, SR5, NO2, optionally
substituted alkyl, optionally substituted alkoxy,
optionally substituted aryl, and optionally
substituted heteroaryl; R and R are each independently
selected from hydrogen, halo, optionally substituted
alkyl, optionally substituted alkoxy, or NR10R11; Rx
is optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted CQaQb-heterocyclyl, optionally
substituted CQaQb-bicyclic heterocyclyl, or optionally
substituted CQaQb-aryl; R is hydrogen or an optionally
substituted alkyl; R is hydrogen or an optionally
substituted alkyl; Ri 6 is optionally substituted
alkyl, optionally substituted aryl, or optionally
substituted heterocyclyl; R7 is optionally substituted
alkyl, optionally substituted heterocyclyl, optionally
substituted aryl, optionally substituted alkoxy,
optionally substituted heterocyclyloxy or optionally
substituted aryloxy; R8 is hydrogen, fluorine or
alkyl; R9 is hydrogen, hydroxy, fluorine or alkyl; or
R8 and R9 together with the carbon to which they are
attached form a cycloalkyl ring, optionally containing
up to one heteroatom selected from O, S, NH and
N-alkyl; or R8 and R9together with the carbon to which
they are attached form a carbonyl group; Qaand Qbare
each independently selected from hydrogen, CH3 and
fluorine; R10 and R11 are each independently selected
from hydrogen or alkyl; or R10 and R11 together with
the nitrogen to which they are attached form an
aliphatic heterocyclic ring, optionally containing an
additional heteroatom selected from O, S, NH and
N-alkyl; comprising: reacting a compound of formula
(II): (II)wherein P is a protecting group and Z, R , R
, R2a, R2b, R3a and R3b are as defined above for a
compound of formula (I); with a compound Rx-L; wherein
Rx is as defined above for a compound of formula (I),
and L is Cl, Br or OH; and if required, and in any
order; converting one group R1 to another group R1;
and/or effecting deprotection; and/or forming a
derivative thereof. Optional substituents for alkyl,
alkenyl or alkynyl groups include OH, CO2Ry, NRyRz,
(O) OCi - 6alkyl or halo, wherein Ry and Rz are
independently selected from hydrogen and C^alkyl. An
alkyl group may be substituted by one or more optional
substituents, for example up to 5, 4, 3, or 2 optional
substituents. Optional substituents for aryl,
heteroaryl or heterocyclyl moieties as a group or part
of a group are selected from optionally substituted C
alky!, optionally substituted CiJ3alkoxy and halogen.
In addition the present invention also provides a
process for the preparation of a compound of formula
(I) or a derivative thereof: 



wherein: X is N and Y is CH, or X is CH and Y is N; Z
is O, S, SO or SO2; R1 is CO2H, CONHSO 2R6, CH2CO2H,
NR4COR7, tetrazole or CH2tetrazole; R2a and R2b are
each independently selected from hydrogen, halo, CN,
SO2alkyl, SR5, NO2, optionally substituted alkyl,
optionally substituted alkoxy, optionally substituted
aryl, and optionally substituted heteroaryl; R3a and
R3b are each independently selected from hydrogen,
halo, optionally substituted alkyl, optionally
substituted alkoxy, or NR10R11; Rx is optionally
substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted
CQaQb-heterocyclyl, optionally substituted
CQaQb-bicyclic heterocyclyl, or optionally substituted
CQaQb-aryl; R4 is hydrogen or an optionally
substituted alkyl; R5 is hydrogen or an optionally
substituted alkyl; R6 is optionally substituted alkyl,
optionally substituted aryl, or optionally substituted
heterocyclyl;R is optionally substituted alkyl,
optionally substituted heterocyclyl, optionally
substituted aryl, optionally substituted alkoxy,
optionally substituted heterocyclyloxy or optionally
substituted aryloxy; R8 is hydrogen, fluorine or
alkyl; R9 is hydrogen, hydroxy, fluorine or alkyl; or
R8 and R9 together with the carbon to which they are
attached form a cycloalkyl ring, optionally containing
up to one heteroatom selected from O, S, NH and
N-alkyl; or R8 and R9 together with the carbon to
which they are attached form a carbonyl group; Qa and
Qbare each independently selected from hydrogen, CH3
and fluorine; ,11 10 R and R are each independently
selected from hydrogen or alkyl; or R and R11 together
with the nitrogen to which they are attached form an
aliphatic heterocyclic ring, optionally containing an
additional heteroatom selected from O, S, NH and
N-alkyl; comprising: reacting a compound of formula
(VII): wherein L3 :i.s an activating group and Z, Rx,
R2a , and R2b are as defined above for a compound of
formula (I); with a compound of formula (Vl): wherein
P is a protecting group and X, Y, R8, R9, R3a and R3b
are as defined above for a compound of formula (I),
and L4 is a leaving group; and if required, and in any
order; converting one group R1 to another group R1;
and/or effecting deprotection; and/or forming a
derivative thereof. Optional substituents for alkyl,
alkenyl or alkynyl groups include OH, CO2Ry, NRyRz,
(O), OC1 6alkyl or halo, wherein Ry and Rz are
independently selected from hydrogen and C1-6alkyl. An
alkyl group may be substituted by one or more optional
substituents, for example up to 5, 4, 3, or 2 optional
substituents.Optional substituents for aryl,
heteroaryl or heterocyclyl moieties as a group or part
of a group 



are selected from optionally substituted C^alkyl,
optionally substituted C^alkoxy and halogen. Compounds
of formula Rx- L wherein L is OH Br or Cl and Rx is as
defined for compounds of formula (I) are commercially
available, or may be readily prepared by known
transformations of commercially available compounds.
Compounds of formula (III): (III) wherein R3a, R3b, X
and Y are as defined for compounds of formula (I), L2
is halo e.g. Br or Cl and P is a protecting group are
commercially available, or may be readily made by
known transformations from commercially available
intermediates. Compounds of formula (V): (V) wherein
P1 is a protecting group, Z, R2a, R2b, R8, and R9 are
as defined for compounds of formula (I) are
commercially available, or may be prepared from
commercially available intermediates by conventional
methods such as those described in the examples below.
For example processes for the preparation of
2-(hydroxymethyl)phenols are described in W.A.
Sheppard, J. Org. Chem., 1968, 33, 3297-3306.
Compounds of formula (IX): (IX) wherein X, Y, R8, R9,
R3a and R3b are as defined above for compounds of
formula (I) and P is a protecting group (e.g. methyl
or ethyl) may be prepared by conventional methods
known to the skilled person. When R8 and R9 are both
hydrogen the compound of formula (IX) may be prepared
from the corresponding pyridine dicarboxylate by
treatment with sodium borohydride in a suitable
solvent such as ethanol. Pyridine dicarboxylates are
commercially available, or may be prepared from
commercially available intermediates by conventional
means. For example a pyridine dicarboxylate may be
prepared from apyridine dicarboxylic acid by treating
with concentrated sulfuric acid in the appropriate
alcohol, e.g. ethanol. Compounds of formula (Xl): (Xl)
wherein Z, R2a and R2b are as defined above for
compounds of formula (I) are commercially available or
may be prepared from commercially available starting
materials by conventional methods known to the skilled
person. For example, lodophenols may be prepared by
treatment of the corresponding anisole with boron
tribromide in a suitable solvent such as
dichloromethane. Suitable anisoles are commercially
available. Certain substituents in any of the reaction
intermediates and compounds of formula (I) may be
converted to other substituents by conventional
methods known to those skilled in the art. Examples of
such transformations include the hydrolysis of esters
and esterification of carboxylic acids. Such
transformations are well known to those skilled in the
art and are described in for example, Richard Larock,
Comprehensive Organic Transformations, 2nd edition,
Wiley-VCH, ISBN 0-471-19031-4. It will be appreciated
by those skilled in the art that it may be necessary
to protect certain reactive substituents during some
of the above procedures. The skilled person will
recognise when a protecting group is required.
Standard protection and deprotection 



techniques, such as those described in Greene T.W.
'Protective groups in organic synthesis', New York,
Wiley (1981), can be used. For example, carboxylic
acid groups can be protected as esters. Deprotection
of such groups is achieved using conventional
procedures known in the art. It will be appreciated
that protecting groups may be interconverted by
conventional means. The compounds of the invention
bind to the EP1 receptor and are antagonists of this
receptor. They are therefore considered useful in
treating conditions mediated by the action of PGE2 at
EP1 receptors. One condition mediated by the action of
PGE2 at EP1 receptors is pain, including acute pain,
chronic pain, chronic articular pain, musculoskeletal
pain, neuropathic pain, inflammatory pain, visceral
pain, pain associated with cancer, pain associated
with migraine, tension headache and cluster headaches,
pain associated with functional bowel disorders, lower
back and neck pain, pain associated with sprains and
strains, sympathetically maintained pain; myositis,
pain associated with influenza or other
viralinfections such as the common cold, pain
associated with rheumatic fever, pain associated with
myocardial ischemia, post operative pain, headache,
toothache and dysmenorrhea. Chronic articular pain
conditions include rheumatoid arthritis,
osteoarthritis, rheumatoid spondylitis, gouty
arthritis and juvenile arthritis. Pain associated with
functional bowel disorders includes non-ulcer
dyspepsia, non-cardiac chest pain and irritable bowel
syndrome. Neuropathic pain syndromes include: diabetic
neuropathy, sciatica, non-specific lower back pain,
multiple sclerosis pain, fibromyalgia, HIV-related
neuropathy, post-herpetic neuralgia, trigeminal
neuralgia, and pain resulting from physical trauma,
amputation, cancer, toxins or chronic inflammatory
conditions. In addition, neuropathic pain conditions
include pain associated with normally non-painful
sensations such as "pins and needles" (paraesthesias
and dysesthesias), increased sensitivity to touch
(hyperesthesia), painful sensation following innocuous
stimulation (dynamic, static, thermal or cold
allodynia), increased sensitivity to noxious stimuli
(thermal, cold, mechanical hyperalgesia), continuing
pain sensation after removal of the stimulation
(hyperpathia) or an absence of or deficit in selective
sensory pathways (hypoalgesia). Other conditions
mediated by the action of PGE2 at EP1 receptors
include fever, inflammation, immunological diseases,
abnormal platelet function diseases (e.g. occlusive
vascular diseases), impotence or erectile dysfunction;
bone disease characterised by abnormal bone metabolism
or resorbtion; hemodynamic side effects of
non-steroidal antiinflammatory drugs (NSAID's) and
cyclooxygenase-2 (COX-2) inhibitors, cardiovascular
diseases; neurodegenerative diseases and
neurodegeneration, neurodegeneration following trauma,
tinnitus, dependence on a dependence-inducing agent
such as opiods (e.g. morphine), CNS depressants (e.g.
ethanol), psychostimulants (e.g. cocaine) and
nicotine; complications of Type I diabetes, kidney
dysfunction, liver dysfunction (e.g. hepatitis,
cirrhosis), gastrointestinal dysfunction (e.g.
diarrhoea), colon cancer, overactive bladder and urge
incontenance.. Inflammatory conditions include skin
conditions (e.g. sunburn, burns, eczema, dermatitis,
psoriasis), ophthalmic diseases such as glaucoma,
retinitis, retinopathies, uveitis and of 



acute injury to the eye tissue (e.g. conjunctivitis),
inflammatory lung disorders (e.g. asthma, bronchitis,
emphysema, allergic rhinitis, respiratory distress
syndrome, pigeon fancier's disease, farmer's lung,
chronic obstructive pulmonary disease (COPD);
gastrointestinal tract disorders (e.g. aphthous ulcer,
Crohn's disease, atopic gastritis, gastritis
varialoforme, ulcerative colitis, coeliac disease,
regional ileitis, irritable bowel syndrome,
inflammatory bowel disease, gastrointestinal reflux
disease); organ transplantation and other conditions
with an inflammatory component such as vascular
disease, migraine, periarteritis nodosa, thyroiditis,
aplastic anaemia, Hodgkin's disease,sclerodoma,
myaesthenia gravis, multiple sclerosis, sorcoidosis,
nephrotic syndrome, Bechet's syndrome, gingivitis,
myocardial ischemia, pyrexia, systemic lupus
erythematosus, polymyositis, tendinitis, bursitis, and
Sjogren's syndrome. Immunological diseases include
autoimmune diseases, immunological deficiency diseases
or organ transplantation. The compounds of formula (I)
are also effective in increasing the latency of HIV
infection Bone diseases characterised by abnormal bone
metabolism or resorbtion include osteoporosis
(especially postmenopausal osteoporosis),
hyper-calcemia, hyperparathyroidism, Paget's bone
diseases, osteolysis, hypercalcemia of malignancy with
or without bone metastases, rheumatoid arthritis,
periodontitis, osteoarthritis, ostealgia, osteopenia,
cancer cacchexia, calculosis, lithiasis (especially
urolithiasis), solid carcinoma, gout and ankylosing
spondylitis, tendinitis and bursitis. Cardiovascular
diseases include hypertension or myocardiac ischemia;
functional or organic venous insufficiency; varicose
therapy; haemorrhoids; and shock states associated
with a marked drop in arterial pressure (e.g. septic
shock). Neurodegenerative diseases include dementia,
particularly degenerative dementia (including senile
dementia, Alzheimer's disease, Pick's disease,
Huntingdon's chorea, Parkinson's disease and
Creutzfeldt-Jakob disease, ALS, motor neuron disease);
vascular dementia (including multi-infarct dementia);
as well as dementia associated with intracranial space
occupying lesions; trauma; infections and related
conditions (including HIV infection); metabolism;
toxins; anoxia and vitamin deficiency; and mild
cognitive impairment associated with ageing,
particularly Age Associated Memory Impairment. The
compounds of formula (I) are also considered useful in
the treatment of neuroprotection and in the treatment
of neurodegeneration following trauma such as stroke,
cardiac arrest, pulmonary bypass, traumatic brain
injury, spinal cord injury or the like. Complications
of Type 1 diabetes include diabetic microangiopathy,
diabetic retinopathy, diabetic nephropathy, macular
degeneration, glaucoma, nephrotic syndrome, aplastic
anaemia, uveitis, Kawasaki disease and sarcoidosis.
Kidney dysfunction includes nephritis, particularly
mesangial proliferative glomerulonephritis and
nephritic syndrome. The compounds of formula (I) are
also considered useful for the preparation of a drug
with diuretic action.It is to be understood that
reference to treatment includes both treatment of
established symptoms and prophylactic treatment,
unless explicitly stated otherwise. According to a
further aspect of the invention, we provide a compound
of formula (I) or a 



pharmaceutically acceptable derivative thereof for use
in human or veterinary medicine. According to another
aspect of the invention, we provide a compound of
formula (I) or a pharmaceutically acceptable
derivative thereof for use in the treatment of a
condition which is mediated by the action of PGE2 at
EP1 receptors. According to a further aspect of the
invention, we provide a method of treating a human or
animal subject suffering from a condition which is
mediated by the action of PGE2 at EP1 receptors which
comprises administering to said subject an effective
amount of a compound of formula (I) or a
pharmaceutically acceptable derivative thereof.
According to a further aspect of the invention we
provide a method of treating a human or animal subject
suffering from a pain, inflammatory, immunological,
bone, neurodegenerative or renal disorder, which
method comprises administering to said subject an
effective amount of a compound of formula (I) or a
pharmaceutically acceptable derivative thereof.
According to a yet further aspect of the invention we
provide a method of treating a human or animal subject
suffering from inflammatory pain, neuropathic pain or
visceral pain which method comprises administering to
said subject an effective amount of a compound of
formula (I) or a pharmaceutically acceptable
derivative thereof. According to another aspect of the
invention, we provide the use of a compound of formula
(I) or a pharmaceutically acceptable derivative
thereof for the manufacture of a medicament for the
treatment of a condition which is mediated by the
action of PGE2 at EP1 receptors. According to another
aspect of the invention we provide the use of a
compound of formula (I) or a pharmaceutically
acceptable derivative thereof for the manufacture of a
medicament for the treatment or prevention of a
condition such as a pain, inflammatory, immunological,
bone, neurodegenerative or renal disorder. According
to another aspect of the invention we provide the use
of a compound of formula (I) or a pharmaceutically
acceptable derivative thereof for the manufacture of a
medicament for the treatment or prevention of a
condition such as inflammatory pain, neuropathic pain
or visceral pain.The compounds of formula (I) and
their pharmaceutically acceptable derivatives are
conveniently administered in the form of
pharmaceutical compositions. Such compositions may
conveniently be presented for use in conventional
manner in admixture with one or more physiologically
acceptable carriers or excipients. Thus, in another
aspect of the invention, we provide a pharmaceutical
composition comprising a compound of formula (I) or a
pharmaceutically acceptable derivative thereof. A
proposed daily dosage of compounds of formula (I) or
their pharmaceutically acceptable derivatives for the
treatment of man is from 0.01 to 80 mg/kg body weight,
more particularly 0.01 to 30 mg/kg body weight per
day, for example 0.1 to 10 mg/kg body weight per day,
which may be administered as a single or divided dose,
for example one to four times per day. The dose range
for adult human beings is generally from 8 to 4000
mg/day, more particularly from 8 to 2000 mg/day, such
as from 20 to 1000 mg/day, for example 35 to 200
mg/day. The precise amount of the compounds of formula
(I) administered to a host, particularly a 



human patient, will be the responsibility of the
attendant physician. However, the dose employed will
depend on a number of factors including the age and
sex of the patient, the precise condition being
treated and its severity, and the route of
administration. The compounds of formula (I) and their
pharmaceutically acceptable derivatives may be
formulated for administration in any suitable manner.
They may be formulated for administration by
inhalation or for oral, topical, transdermal or
parenteral administration. The pharmaceutical
composition may be in a form such that it can effect
controlled release of the compounds of formula (I) and
their pharmaceutically acceptable derivatives. For
oral administration, the pharmaceutical composition
may take the form of, for example, tablets (including
sub-lingual tablets), capsules, powders, solutions,
syrups or suspensions prepared by conventional means
with acceptable excipients. For transdermal
administration, the pharmaceutical composition may be
given in the form of a transdermal patch, such as a
transdermal iontophoretic patch. For parenteral
administration, the pharmaceutical composition may be
given as an injection or a continuous infusion (e.g.
intravenously, intravascularly or subcutaneously). The
compositions may take such forms as suspensions,
solutions or emulsions in oily or aqueous vehicles and
may contain formulatory agents such as suspending,
stabilising and/or dispersing agents. For
administration by injection these may take the form of
a unit dose presentation or as a multidose
presentation preferably with an added preservative.
Alternatively for parenteral administration the active
ingredient may be in powder form for reconstitution
with a suitable vehicle.The compounds of the invention
may also be formulated as a depot preparation. Such
long acting formulations may be administered by
implantation (for example subcutaneously or
intramuscularly) or by intramuscular injection. Thus,
for example, the compounds of the invention may be
formulated with suitable polymeric or hydrophobic
materials (for example as an emulsion in an acceptable
oil) or ion exchange resins, or as sparingly soluble
derivatives, for example, as a sparingly soluble salt.
The EP1 receptor compounds for use in the instant
invention may be used in combination with other
therapeutic agents, for example COX-2
(cyclooxygenase-2 ) inhibitors, such as celecoxib,
deracoxib, rofecoxib, valdecoxib, parecoxib, COX-189
or 2-(4-ethoxy-phenyl)-3-
(4-methanesulfonyl-phenyl)-pyrazolo[1 ,5-b]pyridazine
(WO99/012930); 5-lipoxygenase inhibitors; NSAIDs
(non-steroidal anti-inflammatory drugs) such as
diclofenac, indomethacin, nabumetone or ibuprofen;
leukotriene receptor antagonists; DMARDs (disease
modifying anti-rheumatic drugs) such as methotrexate;
adenosine A 1 receptor agonists; sodium channel
blockers, such as lamotrigine; NMDA
(N-methyl-D-aspartate) receptor modulators, such as
glycine receptor antagonists; ligands for the
a2d-subunit of voltage gated calcium channels, such as
gabapentin and pregabalin; tricyclic antidepressants
such as amitriptyline; neurone stabilising
antiepileptic drugs; monoaminergic uptake inhibitors
such as venlafaxine; opioid analgesics; local
anaesthetics; 5HT1 agonists, such as triptans, for
example sumatriptan, naratriptan, zolmitriptan,
eletriptan, frovatriptan, almotriptan or rizatriptan;
nicotinic acetyl choline (nACh) receptor modulators;
glutamate receptor modulators, for example modulators
of the NR2B subtype; EP4 receptor ligands; EP2
receptor ligands; EP3 receptor ligands; EP4 agonists
and EP2 



agonists; EP4 antagonists; EP2 antagonists and EP3
antagonists; cannabanoid receptor ligands; bradykinin
receptor ligands; vanilloid receptor ligand; and
purinergic receptor ligands, including antagonists at
P2X3, P2X2/3, P2X4, P2X7 or P2X4/7. When the compounds
are used in combination with other therapeutic agents,
the compounds may be administered either sequentially
or simultaneously by any convenient route. Additional
COX-2 inhibitors are disclosed in US Patent Nos.
5,474,995 US5,633,272; US5,466,823, US6.31 0,099 and
US6,291,523; and in WO 96/25405, WO 97/38986, WO
98/03484, WO 97/14691, WO99/12930, WO00/26216,
WO00/52008, WO00/3831 1, WO01/58881 and WO02/1 8374.
The invention thus provides, in a further aspect, a
combination comprising a compound of formula (I) or a
pharmaceutically acceptable derivative thereof
together with a further therapeutic agent or agents.
The combinations referred to above may conveniently be
presented for use in the form of a pharmaceutical
formulation and thus pharmaceutical formulations
comprising a combination as defined above together
with a pharmaceutically acceptable carrier orexcipient
comprise a further aspect of the invention. The
individual components of such combinations may be
administered either sequentially or simultaneously in
separate or combined pharmaceutical formulations. When
a compound of formula (I) or a pharmaceutically
acceptable derivative thereof is used in combination
with a second therapeutic agent active against the
same disease state the dose of each compound may
differ from that when the compound is used alone.
Appropriate doses will be readily appreciated by those
skilled in the art. In addition to activity at the EPi
receptor, certain compounds of the present invention
and pharmaceutically acceptable derivatives thereof
exhibit antagonism of the TP receptor and are
therefore indicated to be useful in treating
conditions mediated by the action of thromboxane at
the TP receptor. Conditions mediated by the action of
thromboxane at the TP receptor include renal
disorders, asthma, or gastric lesions. In certain
situations it is envisaged that the administration of
a compound exhibiting antagonism of TP receptors in
combination with a compound exhibiting antagonism of
EP1 receptors may be advantageous. Certain compounds
of the invention are selective for EP1 over EP3. No
toxicological effects have currently been observed
with the compounds of the invention. All publications,
including but not limited to patents and patent
applications, cited in this specification are herein
incorporated by reference as if each individual
publication were specifically and individually
indicated to be incorporated by reference herein as
though fully set forth. The following non-limiting
Examples illustrate the preparation of
pharmacologically active compounds of the invention.
EXAMPLES Abbreviations AcOH, acetic acid, Bn (benzyl),
Bu, Pr, Me, Et (butyl, propyl, methyl, ethyl), DMSO
(dimethyl sulfoxide), DCM/MDC (dichloromethane), DME
(ethylene glycol dimethyl ether), DMF
(N.N-dimethylformamide), EDTA
(ethylenediaminetetraacetic acid), EtOAc (ethyl 



acetate), EtOH (ethanol), HPLC (High pressure liquid
chromatography), IPA (isopropanol), LCMS (Liquid
chromatography/Mass spectroscopy), MDAP (Mass Directed
Auto Preparation), MeOH (methanol), ML (mother
liquor), NMR (Nuclear Magnetic Resonance (spectrum)),
NMP (n-methyl pyrrolidone), Ph (phenyl), pTSA
(para-toluene sulphonic acid),RT/Rt (retention
time),SM (starting material), SPE (Solid Phase
Extraction - silica cartridge chromatography), TBAF
(tetrabutylammonium fluoride), TBME (tertiary butyl
methyl ether), THF (tetrahydrofuran), s, d, dd, t , q,
m, br (singlet, doublet, double doublet, triplet,
quartet, multiplet, broad.) Purification of Reaction
Products Conventional techniques may be used herein
for work up of reactions and purification of the
products of the Examples. References in the Examples
below relating to the drying of organic layers or
phases may refer to drying the solution over magnesium
sulfate or sodium sulfate and filtering off the drying
agent in accordance with conventional techniques.
Products may generally be obtained by removing the
solvent by evaporation under reduced pressure.
Purification of the Examples may be carried out by
conventional methods such as chromatography and/or
recrystallisation using suitable solvents.
Chromatographic methods are known to the skilled
person and include e.g. column chromatography, flash
chromatography, HPLC (high performace liquid
chromatography), and MDAP (mass directed
autopreparation). The term "Biotage" when used herein
refers to commercially available pre-packed silica gel
cartridges. LCMS The following conditions were used
for LCMS in the preparation of the examples.  Column:
3.3cm x 4.6mm ID, 3mm ABZ+PLUS  Flow Rate: 3ml/min
Injection Volume: 5ml  Temp: Room temperature  UV
Detection Range: 215 to 330nm Solvents: A: 0.1% Formic
Acid + IOmMolar Ammonium Acetate B: 95% Acetonitrile +
0.05% Formic Acid Gradient: Time A% B% 0.00 100 0 0.70
100 0 4.20 0 100 5.30 1005.50 100 All retention times
are measured in minutes. PREPARATIONOF INTERMEDIATES
(5-Chloro-2-f(phenylmethyl)oxylphenyl)methanol
4-Chloro-2-(hydroxymethyl)phenol (5g, 31mmol), benzyl
bromide (3.74ml, 31mmol), and potassium carbonate
(4.78g, 34mmol) were refluxed in acetone (30ml) for
two hours. TLC showed no more SM (starting material).
Cooled down, filtered off the solid and vacuumed down
(the filtrate) to give a clear oil (8.2g). 



1H NMR (CDCI3) d: 2.29 (1H, t), 4.68 (2H, d, J =
6.4Hz), 5.07 (2H, s), 6.84 (1H, d, J = 8.6Hz), 7.6
(1H, d, J = 8.6Hz), 7.30-7.39(6H, m).
4-Chloro-2-(bromomethyl)phenyl phenylmethyl ether
{5-chloro-2-[(phenylmethyl)oxy]phenyl}methanol (8.2g,
33mmol) was dissolved in dry dichloromethane under
nitrogen and cooled to -1O0C. Phosphorus tribromide
(3.12ml, 33mmol) in dry dichloromethane (15ml) was
added slowly. The mixture was left at -1O0C for 15
mins, then stirred at room temperature overnight. TLC
showed no more starting material. The mixture was then
quenched with a saturated sodium hydrogen carbonate
solution added very slowly. The mixture was diluted
with dichloromethane and brine was added to aid
separation. The organic phase was washed with water
(x2), then dried (MgSO4) and evaporated. The residue
was purified (5Og SPE column). Product comes off using
5% ethyl acetate in isohexane. White-ish solid
obtained (8.1g). 1H NMR (CDCI3) d: 4.53 (2H, s), 5.14
(2H 1s), 6.84 (1H, d, J = 8.8Hz), 7.21 (1H,dd, J =
8.8, 2.6Hz), 7.32-7.47 (6H, m). Ethyl
6-r(5-chloro-2-hvdroxyphenyl)methv
p-2-pyridinecarboxylate(J. Org. Chem., 1988, 53,
2392-94) Activation of zinc dust A suspension of zinc
(2.5g) in THF (1ml) containing 1, 2-dibromoethane
(146ml, 1.53mmol) was heated at 650C for 1 minute. The
mixture was cooled to 250C and chlorotrimethylsilane
(132ml; 1.15mmol) was added. Stirred at 200C for 15
minutes. 4-Chloro-2-(bromomethyl)phenyl phenylmethyl
ether (3g, 9.6mmol) in THF was added dropwise to the
above suspension of activated zinc dust. The solution
was then transferred (using a round acrodisc to filter
off the zinc) into a mixture of ethyl 6-bromo-2-
pyridinecarboxylate (1.2g, 5.3mmol) and
tetrakis(triphenylphosphine)palladium(0) (catalytic
amount) in dry THF (15ml) under nitrogen. The mixture
was stirred at room temperature overnight. The
resulting product (assume 0.0096mol) and sodium
methanethiolate (3.36g, 5 equivalents) in DMF (~10ml)
was heated at 1000C overnight. LC/MS - looked okay.
Cooled down, quenched (diluted) with water and
extracted with ethyl acetate (3x), dried over MgSO4.
Some compound crashed out when water was added. The
organic phase residue and the solid residue were mixed
together and used for the next step. The product and
0.5ml of H2SO4 were heated to reflux in ethanol (30ml)
overnight. LC/MS okay. Cooled down, vacuumed down,
quenched (diluted) with water and extracted with ethyl
acetate (3 times). The residue was purified by
chromatography (Biotage, 25% ethyl acetate in
isohexane) to give a white solid (1g). Rt = 3.24,
[MH+] 292,294 [MH-] 290,292. Ethyl
5-[(5-chloro-2-hvdroxyphenyl)methyll-3-pyridinecarboxy
late The title compound was prepared in a similar
manner to ethyl 6-[(5-chloro-2-
hydroxyphenyl)methyl]-2-pyridinecarboxylate using
ethyl 5-bromo-3-pyridinecarboxylate instead of ethyl
-bromo^-pyridinecarboxylate. Rt = 3.1 8 [MH+] 292,
294. General procedure 1Ethyl
6-f(5-chloro-2-(r(4-chloro-2-fluorophenyl)methylloxy)p
henvnmethyll-2- pyridinecarboxylate A mixture of ethyl
q-^S-chloro^-hydroxyphenyOmethylJ^-pyridinecarboxylate
(92mg, 0.31 mmol), potassium carbonate (109mg, 2.5
equivalents) and 4-chloro-2-fluorobenzyl 



bromide (78mg, 1.1 equivalents) in acetone (~6ml) was
heated at 500C for 3-4 hours until there was no more
SM (starting material). Cooled down, filtered off and
washed with acetone. LC/MS okay, Rt 4.05. Purified by
SPE, product came off with -20% ethyl acetate in
iso-hexane. 108mg of a white solid. Rt = 4.05 [MH+]
434, 437. General procedure 1A To 10Omg of the
appropriate phenol {ethyl
6-[(5-chloro-2-hydroxyphenyl)methyl]-2-
pyridinecarboxylate) or ethyl
5-[(5-chloro-2-hydroxyphenyl)methyl]-3-pyridinecarboxy
late} (0.34mmol) in ~3ml of acetone, 2.5 eq of K2CO3
(0.86mmol 118g) and 1.1 equivalents of the benzyl
bromide (0.37mmol) were added. The mixture was stirred
at 600C for 4 hours. LC/MS - no starting material.
Cooled down, filtered off the solid and vacuumed down.
Purified by SPE (10g, Flashmaster). Started with 5% of
ethyl acetate in iso-hexane, the excess benzyl bromide
came off. Then used 15-20% of ethyl acetate (in
iso-hexane) - product came off. LC/MS obtained.
Approximately 100mg product obtained. The following
compounds were prepared by reacting the appropriate
benzyl bromide with
6-[(5-chloro-2-hydroxyphenyl)methyl]-2-pyridinecarboxy
late using similar methods to that described for
General Procedure 1 or General procedure IA:Coated
lipid complexes and their use The present invention is
related to cationic lipids, compositions containing
the same and use thereof as well as a method for
transferring chemical compounds into cells. Both
molecular biology as well as molecular medicine
heavily rely on the introduction of biologically
active compounds into cells. Such biologically active
compounds typically comprise, among others, DNA, RNA
as well as peptides and proteins, respectively. The
barrier which has to be overcome is typically a lipid
bilayer which has a negatively charged outer surface,
hi the art, a number of technologies have been
developed to penetrate the cellular membrane and to
thus introduce the biologically active compounds. Some
methods conceived for laboratory use, however, cannot
be used in the medical field and are more particularly
not suitable for drug delivery. For example,
electroporation and ballistic methods known in the
art, would, if at all, only allow a local delivery of
biologically active compounds. Apart from said lipid
bilayer cellular membranes also comprise transporter
systems. Accordingly, efforts were undertaken to use
this kind of transporter systmes in order to transfer
the biologically active compounds across the cell
membrane. However, due to the specificity or
cross-reactivity of such transporter systems, their
use is not a generally applicable method. A more
generally applicable approach described in the art for
transferring biologically active compounds into cells,
is the use of viral vectors. However, viral vectors
can be used only for transferring genes efficiently
into some cell types; but they cannot be used to
introduce chemically synthesised molecules into the
cells. An alternative approach was the use of so
called liposomes (Bangham, J. MoI. Biol. 13, 238-
252). Liposomes are vesicles which are generated upon
association of amphiphilic lipids in water. Liposomes
typically comprise concentrically arranged bilayers of
phospholipids. Depending on the number of layers
liposomes can be categorised as small unilamelar
vesicles, multilamelar vesicles and large
multilanielar vesicles. Liposomes have proven to be
effective delivery agents as they allow to incorporate
hydrophilic compounds into the aqueous intermediate
layers, whereas hydrophobic compounds are incorporated
into the lipid layers. It iswell known in the art that
both the composition of the lipid formulation as well
as its method of 



preparation have an effect on the structure and size
of the resultant lipid aggregates and thus on the
liposomes. Liposomes are also known to incorporate
cationic lipids. Cationic lipids have, apart from
being components of liposomes, also attracted
considerable attention as they may as such be used for
cellular delivery of biopolymers. Using cationic
lipids any anionic compound can be encapsulated
essentially in a quantitive manner due to
electrostatic interaction hi addition, it is believed
that the cationic lipids interact with the negatively
charged cell membranes initiating cellular membrane
transport. It has been found that the use of a
liposomal formulation containing cationic lipids or
the use of cationic lipids as such together with a
biologically active compound requires a heuristic
approach as each formulation is of limited use because
it typically can deliver plasmids into some but not
all cell types, usually in the absence of serum.
Charge and/or mass ratios of lipids and the
biologically active compounds to be transported by
them have turned out to be a crucial factor in the
delivery of different types of said biologically
active compounds. For example, it has been shown that
lipid formulations suitable for plasmid delivery
comprising 5,000 to 10,000 bases in size, are
generally not effective for the delivery of
oligonucleotides such as synthetic ribozymes or
antisense molecules typically comprising about 10 to
about 50 bases. In addition, it has recently been
indicated that optimal delivery conditions for
antisense oligonucleotides and ribozymes are
different, even in the same cell type. US patent
6,395,713 discloses cationic lipid based compositions
which typically consist of a lipophilic group, a
linker and a head group and the use of such
compositions for transferring biologically active
compounds into a cell. The problem underlying the
present invention was to provide a means for
introducing biologically active compounds into cells,
preferably animal cells. A further problem underlying
the present invention is to provide a delivery agent
for nucleic acids, particularly small nucleic acids
such as siRNA, siNA and RNAi or aptamers and
spiegelmers.A still further problem underlying the
present invention is to provide a delivery agent which
has good transfection and delivery characteristics
while providing for a longer circulation time in vivo.
These problems are solved by the subject matter of the
independent claims attached hereto. Preferred
embodiments may be taken from the attached claims
dependent thereon. The problem underlying the present
invention is also solved in a first aspect by a lipid
composition comprising at least a first lipid
component, at least a first helper lipid, and a
shielding compound which is removable from the lipid
composition under in vivo conditions. In an embodiment
of the first aspect the shielding compound is selected
from the group comprising PEG, HEG, polyhydroxyethyl
starch (polyHES) and a polypropylene. Ih a preferred
embodiment of the first aspect the shielding compound
is PEG2000 or PEG5000. hi an embodiment of the first
aspect the composition comprises a further constituent
and/or a second helper lipid. In an embodiment of the
first aspect the lipid composition comprises a nucleic
acid, whereby such nucleic acid is preferably the
further constituent. 



In a preferred embodiment of the first aspect the
nucleic acid is selected from the group comprising
RNAi, siRNA, siNA, antisense nucleic acid, ribozymes,
aptamers and spiegelmers.In a preferred embodiment of
the first aspect the ceramide comprises at least one
short carbon chain substituent of from 6 to 10 carbon
atoms, preferably of 8 carbon atoms. In an embodiment
of the first aspect the ceramide is the first helper
lipid. In an alternative embodiment of the first
aspect the ceramide is the second helper lipid. In an
embodiment of the first aspect the shielding compound
is attached to the nucleic acid. In a preferred
embodiment of the first aspect the shielding compound
is attached to the nucleic acid by a linker moiety
preferably covalently attached to the nucleic acid by
a linker moiety. In a more preferred embodiment of the
first aspect the linker moiety is selected from the
group comprising ssRNA, ssDNA, dsRNA, dsDNA, peptide,
S-S-lirikers and pH sensitive linkers. In a preferred
embodiment of the first aspect the nucleic acid is
selected from the group comprising RNAi, siRNA and
siNA and the linker is attached to the 3' end of the
sense strand. In a preferred embodiment of the first
aspect the shielding compound comprises a pH-sensitive
linker or a pH-sensitive moiety. In a preferred
embodiment of the first aspect the linker or moiety is
an anionic linker or an anionic moiety In a more
preferred embodiment of the first aspect the anionic
linker or anionic moiety is less anionic or neutral in
an acidic environment, whereby preferably such acidic
environment is an endosome. In an embodiment of the
first aspect the pH-sensitive linker or the
pH-sensitive moiety is selected from the group
comprising oligo (glutamic acid), oligophenolate(s)
and diethyleneIa an embodiment of the first aspect the
first lipid component is a compound according to
formula (I), wherein R1 and R2 are each and
independently selected from the group comprising
alkyl; n is any integer between 1 and 4; R3 is an acyl
selected from the group comprising lysyl, ornithyl,
2,4-diaminobutyryl, histidyl and an acyl moiety
according to formula (II), Y- (p) wherein m is any
integer from 1 to 3, wherein the NH + is optionally
absent, and Y is a pharmaceutically acceptable anion.
In a preferred embodiment of the first aspect R1 and
R2 are each and independently selected from the group
comprising lauryl, myristyl, palmityl and oleyl. In a
more preferred embodiment of the first aspect R1 is
lauryl and R is myristyl; or R1 is palmityl and R2 is
oleyl.In a more preferred embodiment of the first
aspect the compound is a cationic lipid, preferably in
association with an anion Y . In a more preferred
embodiment of the first aspect Y is selected from the
group comprising halogenids, acetate and
trifluoroacetate. In a more preferred embodiment of
the first aspect the compound is selected from the
group comprising b-arginyl-2,3-diamino propionic
acid-N-palmityl-N-oleyl-amide trihydrochloride
b-arginyl-2,3-diamino propionic
acid-N-lauryl-N-myristyl-amide trihydrochlorideand
e-arginyl-lysine-N-lauryl-N-myristyl-amide
trihydrochloride In a more preferred embodiment of the
first aspect the composition comprises a carrier. 



The problem underlying the present invention is also
solved in a second aspect by a pharmaceutical
composition comprising a composition according to the
first aspect and a pharmaceutically active compound
and preferably a pharmaceutically acceptable carrier.
In an embodiment of the second aspect the
pharmaceutically active compound and/or the further
constituent is selected from the group comprising
peptides, proteins, oligonucleotides, polynucleotides
and nucleic acids. In a preferred embodiment of the
second aspect the protein is an antibody, preferably a
monoclonal antibody. In an alternative preferred
embodiment the nucleic acid is selected from the group
comprising DNA, RNA, PNA and LNA.In a preferred
embodiment of the second aspect the nucleic acid is a
functional nucleic acid, whereby preferably the
functional nucleic acid is selected from the group
comprising RNAi, siRNA, siNA, antisense nucleic acid,
ribozymes, aptamers and spiegelmers. In a embodiment
of the first and the second aspect the first helper
lipid and/or the second helper lipid is selected from
the group comprising phospholipids and steroids,
preferably under the proviso that the first and/or the
second helper lipid is different from a ceramide. In a
preferred embodiment of the first and the second
aspect the first and/or second helper lipid or helper
lipid component is selected from the group comprising
l,2-diphytanoyl-sn-glycero-3- phosphoethanolamine and
1^-dioleyl-sn-glycero-S-phosphoethanolamine. In a more
preferred embodiment of the first and the second
aspect the content of the helper lipid component is
from about 20 mol % to about 80 mol % of the overall
lipid content of the composition. In an even more
preferred embodiment of the first and the second
aspect the content of the helper lipid component is
from about 35 mol % to about 65 mol %. In an
embodiment of the first and the second aspect the
lipid is b-arginyl-2,3-diamino propionic
acid-N-pahiiityl-N-oleyl-amidtrihydrochloride, and the
helper lipid is 1,2-diphytanoyl-snglycero-
3-phosphoethanolarnine. In a preferred embodiment of
the first and the second aspect the lipid is 50 mol%
and the helper lipid is 50 mol% of the overall lipid
content of the composition. In an embodiment of the
first and the second aspect the composition further
comprises a second helper lipid. In an embodiment of
the first and the second aspect the first and/or the
second helper lipid comprises a group which is
selected from the group comprising a PEG moiety, a HEG
moiety, apreferably provides a molecule weight from
about 500 to 10000 Da, more preferably from about 2000
to 5000 Da. In a preferred embodiment of the first and
the second aspect the helper lipid comprising the PEG
moiety is selected from the group comprising
l,2-distearoyl-sn-glycero-3-phosphoethanolamine and
1,2-dialkyl-sn-glycero-3-phosphoethanolamine. In a
more preferred embodiment of the first and the second
aspect the PEG moiety of the helper lipid has a
molecular weight from 2,000 to 5,000 Da, preferably a
molecular weight of 2,000 Da. In an even more
preferred embodiment of the first and the second
aspect the composition comprises as the lipid
component b-arginyl-2,3-diamino propionic
acid-N-palmityl-N-oleylamide trihydrochloride, as a
first helper lipid l,2-diphytanoyl-sn-glycero-3-
phosphoethanolamine and as a second helper lipid
l,2-distearoyl-sn-glycero-3- 



phosphoethanolamine-PEG2000. m an embodiment of the
first and the second aspect the content of the second
helper lipid is from about 0,05mol% to 4,9 mol%,
preferably about 1 to 2 mol%. In an embodiment of the
first and the second aspect the composition contains
from about 1 to 10 mol%, more preferably 1 to 7.5 mol%
and most preferably 1 to 5 mol% of the conjugate of
PEG and the ceramide. In a preferred embodiment of the
first and the second aspect the ceramid is C8m and PEG
is PEG 2000 and wherein the content of the conjugate
of PEG and the ceramide is from about 1 to 7.5 mol%.
hi an alternative preferred embodiment of the first
and the second aspect the ceramide is C8m and PEG is
PEG5000 and wherein the content of the conjugate of
PEG and ceramide is from about 1to 5 mol%.mol%,
whereby the sum of the content of the first lipid
component, of the first helper lipid and of the
conjugate of PEG and ceramide is 100 mol%. In an
embodiment of the first and the second aspect the
functional nucleic acid is a doublestranded
ribonucleic acid, wherein the composition further
comprises a nucleic acid, preferably a functional
nucleic acid which is more preferably a
double-stranded ribonucleic acid and most preferably a
nucleic acid selected from the group comprising RNAi,
siRNA, siNA, antisense nucleic acid and ribozyme,
whereby preferably the molar ration of RNAi to
cationic lipid is from about 0 to 0.075, preferably
from about 0.02 to 0.05 and even more preferably
0.037. In an embodiment of the first and the second
aspect the first lipid component and/or at least one
of the helper lipids and/or the shielding compound
is/are present as a dispersion in an aqueous medium.
In an alternative embodiment of the first and the
second aspect the first lipid component and/or at
least one of the helper lipids and/or the shielding
compound is/are present as a solution in a water
miscible solvent, whereby preferably the solvent is
selected from the group comprising ethanol and
tert.-butanol. The problem underlying the present
invention is also solved in a third aspect by the use
of a composition according to the first or the second
aspect for the manufacture of a medicament. The
problem underlying the present invention is also
solved in a fourth aspect by the use of a composition
according to the first or the second aspect as a
transferring agent. In an embodiment of the fourth
aspect the transferring agent transfer a
pharmaceutically active component and/or a further
constituent into a cell, preferably a mammalian cell
and more preferably a human cell. The problem
underlying the present invention is also solved in a
fifth aspect by a method for transferring a
pharmaceutically active compound and/or a further
constituent into a cell or acrossproviding the cell or
the membrane; providing a composition according to the
first or the second aspect the pharmaceutically active
compound and/or the further constituent; and
contacting the cell or the membrane with the
composition according to the first or the second
aspect. In an embodiment of the fifth aspect the
method comprises as further step: detecting the
pharmaceutically active compound and/or the further
constituent in the cell and/or beyond the membrane. 



The present inventors have surprisingly found that a
very effective delivery in in vivo applications of
nucleic acids, in particular small nucleic acids such
as RNAi, siRNA and siNA, can be achieved by using a
lipid composition comprising at least a first lipid
component, at least a first helper lipid and an
shielding compound. The shielding compound provides
for a longer circulation time in vivo and thus allows
for a better biodistribution of the nucleic acid
containing lipid composition. By this mechanism, it is
possible to target sites within a human or animal body
which are comparatively remote from the site of
administration of such lipid composition as the lipid
composition is not immediately absorbed by the tissue
surrounding the injection site, usually the
endothelial lining of the vasculature when an
intravenous administration is performed. The shielding
compound as used herein is preferably a compound which
avoids the immediate interaction of the lipid
composition with serum compounds or compounds of other
bodily fluids or cytoplasma membranes, preferably
cytoplasma membranes of the endothelial lining of the
vasculature into which the lipid composition is
preferably administered. The term shielding also means
that elements of the immune system do not immediately
interact with the lipid composition again increasing
its circulation time in a living organism. Insofar,
the shielding compound acts as an anti-opsinizing
compound. Without whishing to be bound by any
mechanism or theory, it seems that the shielding
compound forms a cover or coat which reduces the
surface area of the lipid composition available for
interaction with its environment which 1 Lupon
administration of the lipid composition, such
interaction is usually preferred at least to a certain
extent so as to provide the delivery. Another
mechanism on which the observed efficacy of the
shielding compound seems to be based is the shielding
of the overall charge of the lipid composition and in
particular of the lipid composition containing a
nucleic acid, preferably a functional nucleic acid as
defined herein and more preferably a siRNA, siNA and
RNAi. Again, the interaction of the lipid composition
seems to be affected, whereby the effect arises from
the shielding of the charges rather than the shielding
of the lipid components. In connection with the
present disclosure, it is to be acknowledged that a
composition can comprise as little as one lipid. The
shielding compound is preferably a biologically inert
compound. More preferably, the shielding compound does
not carry any charge on its surface or on the molecule
as such. Particularly preferred shielding compounds
are thus polyethylenglycoles, hydroxyethylglucose
based polymers, polyhydroxyethyl starch (polyHES) and
polypropylene, whereby any of said compounds
preferably has a molecule weight from about 500 to
10000 Da, more preferably from about 2000 to 5000 Da.
It is an important feature of the present invention
that the shielding compound is removable from the
lipid composition under in vivo conditions. Such
removal exposes the other components of the lipid
composition or part thereof to the environment such as
the animal and human body, and ultimately allows the
release and delivery, respectively, of a compound such
as a nucleic acid contained in the lipid composition.
The term in vivo conditions preferably means the
conditions existing in an animal or human body,
preferably in any bodily fluid such as blood,
interstitium and intracellular liquids, and/or those
existing in an endosome and/or lysosome. Depending on
the design of the shielding compound, the removal can
be affected in various ways as will be described in
more detail in the following. A further effect arising
from the loss of the shielding agent, particularly if
the shielding agent is 



PEG, is due to the fact that providing lipid
formulations with PEG which is also referred to as
PEGylation, often results in an impaired functional
delivery of the nucleic acid molecules to be delivered
by such lipid formulation into the cytoplasm. The
bulky presence of the PEG at the lipid formulation
impairs the endosomal uptake of the liposomes
typically formed by the lipidIn one embodiment, the
shielding compound is selected from the group
comprising PEG, HEG, polyhydroxyethyl starch (polyHES)
and polypropylene, which is attached, preferably
covalently attached, to a ceramide. The ceramide
interacts with the lipid compound and, if present,
with a helper lipid. Insofar, the ceramide can be
either the first helper lipid or a second helper
lipid. It is preferred that the ceramide conjugated to
PEG is different from the first helper lipid. The
ceramide is embedded into the lipid fraction of the
lipid composition preferably formed by the first lipid
component and the first helper lipid and will be
released due to the comparatively short hydrocarbon
chain at a certain rate. When the ceramide is thus
released from the lipid composition, so is the
shielding agent. Therefore, in this embodiment, the in
vitro conditions allow for the desintegration of the
lipid formulation and thus provides a prolonged
lifetime or circulation time in vivo of the lipid
composition. In a further embodiment, the shielding
agent is attached to a nucleic acid contained in the
lipid composition or associated therewith. Preferably,
the shielding agent is covalently linked to the
nucleic acid, most preferably through a linker. In a
more preferred embodiment, the linker is designed such
that it is cleaved under physiological conditions, i.
e. conditions prevailing in an animal or human
organism. In a preferred embodiment only a certain
percentage of the nucleic acid is actually provided
with such polymer through a linker. Without wishing to
be bound by any theory, it seems that it is sufficient
that only a certain number of nucleic acid molecules
forming part of the lipid composition has to have such
a bulky moiety so as to provide the shielding effect
to said lipid composition. Preferably, the portion of
nucleic acid molecules ranges from about 0 to 20 %,
more preferably 3 to 10 %, and even more preferably
from 6 to 10 %. Preferred contents of nucleic acids
having the shielding agent (which is also referred to
herein as the shielding compound) are from about 0 to
3 %, 3 to 6 % 6 to 10 % and 10 to 20 %, whereby % as
used in this paragraph and throughout the present
application, if not indicated to the contrary, is mole
%. Such linker can be a single-stranded RNA linker,
more preferably comprising 1 to 20 nucleotides which
will be cleaved by RNA endonuclease activity existing
in or under in vivo conditions. In a further
embodiment, the linker is formed by a single-stranded
DNA linker which is cleaved bylinker consisting of a
nucleic acid is typically as follows: ssRNA< dsRNA,<
ssDNA< <dsDNA. Such stability variety allows for a
specific design of the residual time of the nucleic
acid thus modified and the lipid composition,
respectively, comprising such linker. In a further
embodiment, the linker can be formed by a
oligopeptide, polypeptide or protein which is cleaved
by proteases present in or under in vivo conditions. A
still further embodiment provides a linker comprising
an S-S-linkage which is sensitive to redox conditions.
In an even still further embodiment the linker is a pH
sensitive linker. The concept of a pH sensitive linker
resides in the observation that upon internalisation
of a lipid composition which can, in principle, be
either a lipoplex or a liposome, any shielding agent
which is clearly advantageous when it comes to the
protection of the lipid composition prior to
internalisation can impose a limitation of the further
use of the compounds thus transferred into the cell.
As used herein, the shielding agent is coupled to the
pH sensitive linker which is or comprises in a 



preferred embodiment an anionic moiety. In an acidic
environment such as an endosome, the charge of such
anionic moiety is changed. Because of this, the
interaction of the pH sensitive linker with the
cationic lipid contained in the lipid formulation
based on electrostatics is also changed, usually
reduced which results in a more or less gradual
release of the pH sensitive linker from the cationic
lipid comprising lipid formulation. Consequently, the
liposome becomes devoid of the shielding agent and can
thus exert its impact in the cell. This kind of linker
comprises both linkers which are as such known in the
art and new linkers of this kind, i . e. having this
kind of characteristics. Preferably, such linker is
any linker which has a charge characteristic which
allows the linker to react as described above.
Representatives of such pH sensitive linkers comprise,
but are not limited to, oligo(glutamic acid),
oligophenolates, and diethylene triamine penta acetic
acid. Both the coupling of such linker to the
shielding agent and the incorporation of such linker
into the shielding agent which is then commonly
referred to as a moiety of the shielding agent is
known to the ones skilled in the art. The compound
used as the first lipid component in the lipid
composition according to the present invention which
is also referred to herein as the comround(s)
according to the present invention can, as depicted in
Fig. 1, can be regarded as to comprise a lipophilic
group formed by the Rl-Ncompound exhibiting a positive
charge at the linker group is particularly suitable to
transfer biologically active compounds over a cell
membrane and preferably into cells, more preferably
animal cells. Also, the present inventor has
surprisingly found that the transfer mediated by the
compounds according to the present invention will be
particularly effective if the biologically active
compound is a nucleic acid, more preferably siRNA and
siNA. As preferably used herein, the term alkyl refers
to a saturated aliphatic radical containing from 8 to
20 carbon atoms, preferably 12 to 18 carbon atoms, or
a mono- or polyunsaturated aliphatic hydrocarbon
radical containing from 8 to 30 carbon atoms,
containing at least one double and triple bond,
respectively. Thus, in a preferred embodiment, the
term alkyl also comprises alkenyl and alkinyl. Alky
refers to both branched and unbranched, i . e.
non-linear or straight chain alkyl groups. Preferred
straight chain alkyl groups contain from 8 to 30
carbon atoms. More preferred straight chain alkyl
groups contain from 12 to 18 carbon atoms. Preferred
branched alkyl groups contain from 8 to 30 carbon
atoms, whereby the number from 8 to 30 carbon atoms
refers to the number of carbon atoms forming the
backbone of such branched alkyl group. The backbone of
the branched alkyl group contains at least one alkyl
group as branching off from the backbone, with the
alkyl group being defined as herein, more preferably
with the alkyl group comprising short chain alkyl
groups, more preferably comprising from 1 to 6, even
more preferred 1 to 3 and most preferred 1 C atom.
More preferred are branched alkyl groups containing 12
to 18 carbon atoms in the backbone with the branching
alkyl groups being defined as in the foregoing. A
particularly preferred alkyl group is the phytanyl
group. In an alternative embodiment, the alkyl is an
unsaturated branched or unbranched alkyl group as
defined above. More preferably, such unsaturated
aliphatic hydrocarbon radical contains 1, 2 or 3 or 4
double bonds, whereby a radical having one double bond
is particularly preferred. Most preferred is oleyl
which is Cl 8: Idelta9, i . e. an aliphatic
hydrocarbon radical having 18 C atoms, whereby at
position 9 a cis configured double bond is presented
rather than a single bond linking C atom number 9 to C
atom number 10. As used herein, n is any integer
between 1 and 4, which means that n may be 1, 2, 3 and
4. As 



used herein, m is any integer between 1 and 3, which
means that m may be 1, 2 and 3.It is to be understood
that the compounds according to the present invention
are preferably cationic lipids. More preferably, any
of the NH or NH2 groups present in the compounds
according to the present invention are present in a
protonated form. Typically, any positive charge of the
compound according to the present invention is
compensated by the presence of an anion. Such anion
can be a monovalent or polyvalent anion. Preferred
anions are halides, acetate and trifluoroacetate.
Halides as used herein are preferably fluorides,
chlorides, iodides and bromides. Most preferred are
chlorides. Upon association of the cationic lipid and
the biologically active compound to be transferred
into a cell, the halide anion is replaced by the
biologically active compound which preferably exhibits
one or several negative charges, although it has to be
acknowledged that the overall charge of the
biologically active compound is not necessarily
negative. It is to be acknowledged that any compound
according to formula (I) comprises at least two
asymmetric C atoms. It is within the present invention
that any possible enantiomer of such compound is
disclosed herein, i. e. in particular the R-R; S-S;
R-S and S-R enantiomer. The compounds according to the
present invention can form a composition or be part of
a composition, whereby such composition comprises a
carrier. In such composition which is also referred to
herein as lipid composition the compounds according to
the present invention are also referred to as the
lipid component(s). Such carrier is preferably a
liquid carrier. Preferred liquid carriers are aqueous
carriers and non-aqueous carriers. Preferred aqueous
carriers are water, aqueous buffer systems, more
preferably buffer systems having a physiological
buffer strength and physiological salt
concentration(s). Preferred non-aqueous carriers are
solvents, preferably organic solvents such as ethanol,
and tert-butanol. Without wishing to be bound by any
theory, any water miscible organic solvent can, in
principle, be used. It is to be acknowledged that the
composition, more particularly the lipid composition
can thus be present as or form liposomes. The
composition according to the present invention may
comprise one or more helper lipids which are also
referred to herein as helper lipid components. The
helper lipid components are preferably selected from
the group comprising phospholipids and steroids.
Phospholipids are preferably di- and monoester of the
phosphoric acid. Preferred members of the
phospholipids aresynthetic compounds based on the
partially hydrogenated cyclopenta[a]phenanthrene.
Preferably, the steroids contain 2 1 to 30 C atoms. A
particularly preferred steroid is cholesterol.
Particularly preferred helper lipids are
l,2-diphytanoyl-sn-glycero-3-phosphoethanolamine
(DPhyPE) and
l,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE).
Particularly preferred compositions according to the
present invention comprise any of b-
arginyl-2,3-diaminopropionic
acid-N-palmityl-N-oleyl-amide trihydrochloride [#6],
b-arginyl- 2,3-diaminopropionic
acid-N-lauryl-N-myristyl- amide trihydrochloride [#11]
or e-arginyllysine- N-lauryl-N-myristyl-amide
trihydrochloride [#15] in combination with DPhyPE,
whereby the content of DPhyPE is from about 90 to 20
mol %, preferably 80 mol %, 65 mol %, 50 mol % and 35
mol %, whereby the term mol % refers to the percentage
of the overall lipid content of the composition, i .
e. the lipid content of the composition including the
cationic lipid according to the present invention and
any additional lipid, including, but not limited to,
any helper lipid. It is within the present invention
that the composition according to the present
invention preferably comprises the compound according
to the present invention and/or one or several of the
helper lipid(s) as disclosed herein, whereby either
the compound according to the present 



invention, i . e. the cationic lipid, and/or the
helper lipid component is present as a dispersion in
an aqueous medium. Alternatively, the compound
according to the present invention, i. e. the cationic
lipid, and/or the helper lipid component is/are
present as a solution in a water miscible solvent. As
an aqueous medium, preferably any of the aqueous
carrier as disclosed herein is used. Preferred water
miscible solvents are any solvent which form a
homogenous phase with water in any ratio. Preferred
solvents are ethanol and tert-butanol. It is to be
acknowledged that the composition, more particularly
the lipid composition can thus be present as or form
liposomes. It is to be acknowledged that the
composition according to the present invention in its
various embodiments is and may thus also be used as a
pharmaceutical composition. In the latter case, the
pharmaceutical composition comprises a
pharmaceutically active compound and optionally a nh
rm r . ar.r.Rntable carrier. Such nharmaceuticallv
acceptable carrier may, preferably,composition as
described herein may, in principle, be also used as a
pharmaceutical composition provided that its
ingredients and any combination thereof is
pharmaceutically acceptable. A pharmaceutical
composition comprises a pharmaceutically active
compound. Such pharmaceutically active compound can be
the same as the further constituent of the composition
according to the present invention which is preferably
any biologically active compound, more preferably any
biologically active compound as disclosed herein. The
further constituent, pharmaceutically active compound
and/or biologically active compound are preferably
selected from the group comprising peptides, proteins,
oligonucleotides, polynucleotides and nucleic acids.
Preferably, any such biologically active compound is a
negatively charged molecule. The term negatively
charged molecule means to include molecules that have
at least one negatively charged group that can
ion-pair with the positively charged group of the
cationic lipid according to the present invention,
although the present inventor does not wish to be
bound by any theory. Ih principle, the positive charge
at the linker moiety could also have some effect on
the overall structure of either the lipid as such or
any complex formed between the cationic lipid and the
negatively charged molecule, i. e. the biologically
active compound. Apart from that, the additional
positive charge introduced into the lipid according to
the present invention compared to the cationic lipids
disclosed in US patent 6,395,713, should contribute to
an increased toxicity of this lipid as taught by Xu Y,
Szoka FC Jr.; Biochemistry; 1996 May 07, 35 (18):
5616-23. In contrast to what the one skilled in the
art would have expected from this document of the
prior art the compounds according to the present
invention are particularly suitable for the various
purposes disclosed herein and are in particular devoid
of any increased toxicity. A peptide as preferably
used herein is any polymer consisting of at least two
amino acids which are covalently linked to each other,
preferably through a peptide bond. More preferably, a
peptide consists of two to ten amino acids. A
particularly preferred embodiment of the peptide is an
oligopeptide which even more preferably comprises from
about 10 to about 100 amino acids. Proteins as
preferably used herein are polymers consisting of a
plurality of amino acids which are covalently linked
to each other. Preferably such proteins comprise about
at least 100 amino acids or amino acid residues.A
preferred protein which may be used in connection with
the cationic lipid and the composition according to
the present invention, is any antibody, preferably any
monoclonal antibody. Particularly preferred
biologically active compounds, i. e. pharmaceutically
active compounds 



and such further constituent as used in connection
with the composition according to the present
invention are nucleic acids. Such nucleic acids can be
either DNA, RNA, PNA or any mixture thereof. More
preferably, the nucleic acid is a functional nucleic
acid. A functional nucleic acid as preferably used
herein is a nucleic acid which is not a nucleic acid
coding for a peptide and protein, respectively.
Preferred functional nucleic acids are siRNA, siNA,
RNAi, antisensenucleic acids, ribozymes, aptamers and
spiegelmers which are all known in the art. siRNA are
small interfering RNA as, for example, described in
international patent application PCT/EP03/08666. These
molecules typically consist of a double-stranded RNA
structure which comprises between 15 to 25, preferably
18 to 23 nucleotide pairs which are base-pairing to
each other, i. e. are essentially complementary to
each other, typically mediated by Watson-Crick
base-pairing. One strand of this double-stranded RNA
molecule is essentially complementary to a target
nucleic acid, preferably a mRNA, whereas the second
strand of said double-stranded RNA molecule is
essentially identical to a stretch of said target
nucleic acid. The siRNA molecule may be flanked on
each side and each stretch, respectively, by a number
of additional oligonucleotides which, however, do not
necessarily have to base-pair to each other. RNAi has
essentially the same design as siRNA, however, the
molecules are significantly longer compared to siRNA.
RNAi molecules typically comprise 50 or more
nucleotides and base pairs, respectively. A further
class of functional nucleic acids which are active
based on the same mode of action as siRNA and RNAi is
siNA. siNA is, e. g., described in international
patent application PCT/EP03/074654. More particularly,
siNA corresponds to siRNA, whereby the siNA molecule
does not comprise any ribonucleotides. Antisense
nucleic acids, as preferably used herein, are
oligonucleotides which hybridise based oncoupled DNA,
however, is rapidly degraded by cellular nucleases
with exception of phosphothioate-coupled DNA.
Antisense polynucleotides are thus effective only as
DNA-RNA hybrid complexes. Preferred lengths of
antisense nucleic acids range from 16 to 23
nucleotides. Examples for this kind of antisense
oligonucleotides are described, among others, in US
patent 5,849,902 and US patent 5,989,912. A further
group of functional nucleic acids are ribozymes which
are catalytically active nucleic acids preferably
consisting of RNA which basically comprise two
moieties. The first moiety shows a catalytic activity,
whereas the second moiety is responsible for a
specific interaction with the target nucleic acid.
Upon interaction between the target nucleic acid and
the said moiety of the ribozyme, typically by
hybridisation and Watson-Crick base-pairing of
essentially complementary stretches of bases on the
two hybridising strands, the catalytically active
moiety may become active which means that it cleaves,
either intramolecularly or intermolecularly, the
target nucleic acid in case the catalytic activity of
the ribozyme is a phosphodiesterase activity.
Ribozymes, the use and design principles thereof are
known to the ones skilled in the art and, for example,
described in Doherty and Doudna (Annu. Ref. Biophys.
Biomolstruct. 2000; 30: 457- 75). A still further
group of functional nucleic acids are aptamers.
Aptamers are D-nucleic acids which are either
single-stranded or double-stranded and which
specifically interact with a target molecule. The
manufacture or selection of aptamers is, e. g.,
described in European patent EP 0 533 838. In contrast
to RNAi, siRNA, siNA, antisense-nucleotides and
ribozymes, aptamers do 



not degrade any target mRNA but interact specifically
with the secondary and tertiary structure of a target
compound such as a protein. Upon interaction with the
target, the target typically shows a change in its
biological activity. The length of aptamers typically
ranges from as little as 15 to as much as 80
nucleotides, and preferably ranges from about 20 to
about 50 nucleotides. Another group of functional
nucleic acids are spiegelmers as, for example,
described in international patent application WO
98/08856. Spiegelmers are molecules similar to
aptamers. However, spiegelmers consist either
completely or mostly of L-nucleotides rather than
Dnucleotides in contrast to aptamers. Otherwise,
particularly with regard to possible lengths ofAs
mentioned previously, the present inventor has
surprisingly found that the compound according to the
present invention and the respective compositions
comprising such compound can be particularly effective
in transferring RNAi, and more particularly siRNA and
siNA into a cell. It is to be noted that although not
wishing to be bound by any theory, due to the
particular mol percentages of the helper lipid(s)
contained in the lipid compositions according to the
present invention, which helper lipid can be either a
PEG-free helper lipid or in particular a PEGcontaining
helper lipid, surprising effects can be realised, more
particularly if the content of any of this kind of
helper lipid is contained within the concentration
range specified herein. In connection therewith, it is
particularly noteworthy that if the composition
according to the present invention contains a helper
lipid comprising a PEG moiety, any delivery or
transfection action using such PEG-derived helper
lipid containing composition is particularly effective
in delivering nucleic acid, particularly RNAi
molecules, most particularly siRNA, siNA, antisense
nucleotides and ribozymes. The reason for this is that
the present inventors have surprisingly found that
liposomes containing more than about 4% of
PEG-containing helper lipid(s) are not active, whereas
liposomes with less than 4% (preferably less than 3%
but more than 0 %) do mediate functional delivery.
Basically, the present inventors have discovered that
the specific amount of PEG in the lipid compositions
according to the present invention is suitable to
provide for an effective transfection and delivery,
respectively. In a further aspect the present
inventors have surprisingly found that the lipid
compositions according to the present invention which
are preferably present as lipoplexes or liposomes,
preferably show an overall cationic charge and thus an
excess of at least one positive charge. More
preferably, the lipid compositions exhibit a charge
ratio negative : positive of from about 1: 1.3 to 1:5.
Therefore, the present invention is thus related in a
further aspect to any lipid composition comprising at
least one cationic lipid and a nucleic acid,
preferably a RNAi, siRNA or siNA or any other of the
functional nucleic acids defined herein, having a
charge ratio negative : positive of from about 1: 1.3
to 1:5. The cationic lipid is preferably any cationic
lipid described herein. The lipid composition
comprises in a preferred embodiment any helper lipid
or helper lipid combination as described herein.The
present inventors have also found that in particular
the molar ratio of siRNA and the cationic lipid can be
crucial for the successful application of the lipid
composition according to the present invention,
especially in view of what has been said above in
relation to the cationic overall charge of the nucleic
acid containing lipid formulations. Without wishing to
be bound by any theory it seems that 1 mole of
cationic lipid, particularly as disclosed herein, can
provide for a maximum of three positive charges per
molecule, whereas the nucleic acid and more
particularly the siRNA molecules as disclosed herein,
provide for a maximum of 40 negative 



charges per molecule. In order to reach an overall
positive charge of the siRNA containing lipid
formulations according to the present invention, the
molar ratio can range from 0 to a maximum of 0.075. A
preferred molar ration range is from about 0.02 to
0.05 and even more preferred is a molar ratio range of
about 0.037. It is within the present invention that
the composition and more particularly the
pharmaceutical composition may comprise one or more of
the aforementioned biologically active compounds which
may be contained in a composition according to the
present invention as pharmaceutically active compound
and as further constituent, respectively. It will be
acknowledged by the ones skilled in the art that any
of these compounds can, in principle, be used as a
pharmaceutically active compound. Such
pharmaceutically active compound is typically directed
against a target molecule which is involved in the
pathomechanism of a disease. Due to the general design
principle and mode of action underlying the various
biologically active compounds and thus the
pharmaceutically active compounds as used in
connection with any aspect of the present invention,
virtually any target can be addressed. Accordingly,
the compound according to the present invention and
the respective compositions containing the same can be
used for the treatment or prevention of any disease or
diseased condition which can be addressed, prevented
and/or treated using this kind of biologically active
compounds. It is to be acknowledged that apart from
these biologically active compounds also any other
biologically active compound can be part of a
composition according to any embodiment of the present
invention. Preferably such other biologically active
compound comprises at least one negative charge,
preferably under conditions where such other
biologically active compound is interacting or
complexed with the compound according to the present
invention, more preferably the compound according to
the present invention which is present as a cationic
lipid.As used herein, a biologically active compound
is preferably any compound which is biologically
active, preferably exhibits any biological, chemical
and/or physical effects on a biological system. Such
biological system is preferably any biochemical
reaction, any cell, preferably any animal cell, more
preferably any vertebrate cell and most preferably any
mammalian cell, including, but not limited to, any
human cell, any tissue, any organ and any organism.
Any such organism is preferably selected from the
group comprising mice, rats, guinea pigs, rabbits,
cats, dogs, sheep, pigs, goats, cows, horses, poultry,
monkeys and humans. It is also within the present
invention that any of the compositions according to
the present invention, more particularly any
pharmaceutical composition according to the present
invention may comprise any further pharmaceutically
active compound(s). The composition, particularly the
pharmaceutical composition according to the present
invention can be used for various forms of
administration, whereby local administration and
systemic administration are particularly preferred.
Even more preferred is a route of administration which
is selected from the group comprising intramascular,
percutaneous, subcutaneous, intravenous and pulmonary
administration. As preferably used herein, local
administration means that the respective composition
is administered in close spatial relationship to the
cell, tissue and organ, respectively, to which the
composition and the biologically active compound,
respectively, is to be administered. As used herein,
systemic administration means an administration which
is different from a local administration and more
preferably is the administration into a body fluid
such as blood and liquor, respectively, whereby the
body liquid transports the composition to the 



cell, tissue and organ, respectively, to which the
composition and the biologically active compound,
respectively, is to be delivered. As used herein, the
cell across the cell membrane of which a biologically
active compound is to be transferred by means of the
compound and composition according to the present
invention, respectively, is preferably an eukaryotic
cell, more preferably a vertebrate cell and even more
preferably a mammalian cell. Most preferably the cell
is a human cell. Any medicament which can be
manufactured using the compound and composition
according tois selected from the group comprising
mice, rats, dogs, cats, guinea pigs, rabbits, sheep,
pigs, goats, cows, horses, poultry monkeys and humans.
In a further aspect the compound and composition
according to the present invention can be used as a
transferring agent, more preferably as a transfection
agent. As preferably used herein a transferring agent
is any agent which is suitable to transfer a compound,
more preferably a biologically active compound such as
a pharmaceutically active compound across a membrane,
preferably a cell membrane and more preferably
transfer such compound into a cell as previously
described herein. Even more preferably, such transfer
also comprises the release from any endosome/liposome.
In a still further aspect the present invention is
related to a method for transferring, more
particularly transfecting, a cell with a biologically
active compound hi a first step, whereby the sequence
of steps is not necessarily limited and in particular
not limited to the sequence of steps outlined in the
following, the cell and the membrane and cell,
respectively, is provided hi a second step, a compound
according to the present invention is provided as well
as a biologically active compound such as a
pharmaceutically active compound. This reaction can be
contacted with the cell and the membrane,
respectively, and due to the biophysical
characteristics of the compound and the composition
according to the present invention, the biologically
active compound will be transferred from one side of
the membrane to the other one, or in case the membrane
forms a cell, from outside the cell to within the
cell. It is within the present invention that prior to
contacting the cell and the membrane, respectively,
the biologically active compound and the compound
according to the present invention, i. e. the cationic
lipid, are contacted, whereupon preferably a complex
is formed and such complex is contacted with the cell
and the membrane, respectively. In a further aspect of
the present invention the method for transferring a
biologically active compound and a pharmaceutically
active compound, respectively, comprises the steps of
providing the cell and the membrane, respectively,
providing a composition according to the present
invention and contacting both the composition and the
cell and the membrane, respectively. It is within the
present invention that the composition may be formed
prior orIn an embodiment of any method for
transferring a biologically active compound as
disclosed herein, the method may comprise further
steps, preferably the step of detecting whether the
biologically active compound has been transferred.
Such detection reaction strongly depends on the kind
of biologically active compounds transferred according
to the method and will be readily obvious for the ones
skilled in the art. It is within the present invention
that such method is performed on any cell, tissue,
organ and organism as described herein. It is to be
acknowledged that in a further embodiment the
shielding agent is attached, as described herein, to
the lipid component of the lipid composition according
to the present invention, preferably to the cationic
lipid. 



The present invention is further illustrated by
reference to the following figures and examples from
which further features, embodiments and advantages of
the present invention may be taken. More particularly,
Fig. 1 shows the basic design of the cationic lipid
according to the present invention; Fig. 2 shows the
synthesis of N-oleyl-palmitylamine which is a possible
starting material for the synthesis of the compounds
according to the present invention, whereby such
synthesis is the one according to the prior art as
described in US 6,395,713; Fig. 3 depicts the
synthesis of N-oleyl-palmitylamine which is an
important starting material according to the present
invention; Figs. 4 - 9 depict the synthesis of
b-arginyl-2,3-amino propionic
acid-N-palmityl-N-oleylamide trihyrdochloride,
b-arginyl-2,3-diamino propionic
acid-N-lauryl-Nmyristyl- amide trihydrochloride and
e-arginyl-lysine-N-lauryl-N-myristyl-amide
trihydrochloride; Fig. 10 depicts the synthesis of an
alternate cationic head group which is an alternative
component for the svnthesis of the cationic lipids
according to the presentFig. 1 1 depicts an
alternative synthetic route for the synthesis of
beta-arginyl-2,3- diaminopropionic
acid-N-palmityl-N-oleyl-amide trihydrochloride; Figs.
12A and 12B depict the size distribution of lipid
formulations according to the present invention and
the impact of extrusion and high-pressure
homogenisation, respectively; and Figs. 13A and 13B
depicts the result of a Western Blot analysis and the
impact of different concentrations of PEG-substituted
lipids. Example 1: Synthesis of N-oIeyl-palmityl amine
according to the prior art N-oleyl-palmityl amine is
an important starting material for the compounds
according to the present invention. The
N-oleyl-palmityl amine can, in principle, be
synthesised as described in US 6,395,713. The
respective reaction scheme is depicted in Fig. 2.
However, the starting material is oleyl amine of
technical grade as provided by, e. g., Fluka. An
analysis of this starting material by gas
chromatography shows a purity of > 70 %, whereby 30 %
of the material consist of amine having different
chain lengths. The reason for this could be that the
material as such is obtained from plant sources.
Combining both oleyl amine and 1-bromohexadecane
(palmitylbromid) yields N-oleyl-palmityl amine after
reacting both starting materials at 100 to 120 C for
30 minutes. The yield is about 83 %. Example 2:
Synthesis of N-palmityl-oIeyl amine according to the
present invention A new synthesis has been perceived
by the present inventor in connection with the
compounds according to the present invention (Fig. 3).
This new reaction scheme is based on the finding of
the present inventor that the high amount of
impurities is affecting the quality of the
transferring agent prepared based on this starting
material. Accordingly, the reaction starts using oleic
acid having a purity of > 99 % as shown by gas
chromatography and contacting such oleic acid with
ethylchloroformate, TEA and CH2Cl2 and reacting the
thus obtained mixed carboxylic-carbonic anhydride with
hexadecylamine (palmitylamine) having again a purity
of > 99 % as shown bywith LiAlH4 (in THF) resulting in
85 % N-palmityl-oleyl amine [#2] which is present as a
colourless crystalline solid. The more detailed
reaction conditions are outlined in the following.
Synthesis of N-palmityl-oleoyl amide f# 1 1 



2.62 ml (27.5 mmol) chloroformic acid ethyl ester are
dissolved in 30 ml anhydrous dichloromethane in a 250
ml nitrogen flask according to Schlenk under argon
inert gas and cooled to 0 C. A solution of 7.93 ml (25
mmol) oleic acid and 4.16 ml (30 mmol) triethylamine
in 40 ml anhydrous dichloromethane are added dropwise
under steering within 20 minutes. After steering on
the ice bath for 30 minutes a solution of 6.64 g (27.5
mmol) palmitylamine in 50 ml CHCl3 is rapidly added
dropwise and the mixture is steered at room
temperature for 2 hours. Subsequently, the solution is
washed three times with 40 ml water each, the organic
phase dried over Na2SO and the solvent removed using a
rotary evaporator. The residue is re-crystallised from
100 ml acetone. 11.25 g (22.3 mmol) corresponding to a
yield of 89 % of a colourless solid is obtained.
Synthesis of N-palmityl-oIeylamine [#21 20 ml IM
LiAlH4 in ether are provided under argon inert gas in
a 250 ml three-neck flask having a dropping funnel and
a reflux condenser and subsequently a solution of 7.59
g (15 mmol) palmityloleoylamide in 80 ml THF added
dropwise within 20 minutes. The mixture is refluxed
for 2.5 hours, then another 5 ml 1M LiAlH4 in ether is
added and refluxed for another 2.5 hours. Excess
hydride is decomposed using 6 M NaOH under ice bath
cooling and the precipitate is filtered off. The
precipitate is extracted twice with 40 ml of hot MtBE
each, the combined organic phases dried over Na2SO4
and the solvent removed using a rotary evaporator. The
residue is crystallised from 100 ml MtBE at -20 C.
6.23 g (12.7 mmol) corresponding to a yield of 85 % of
a colourless crystalline solid are obtained.Example 3
: Synthesis of Boc-Dap(Fmoc)-N-plamityl-N-oleyl-amide
f#31 521 mg (1.06 mmol) N-oleyl-palmitylamine in 10 ml
anhydrous dichloromethane are dissolved in a 50 ml
round-bottom flask and 289 mg (1.17 mmol) EEDQ are
added. Subsequently, 500 mg (1.17 mmol)
Boc-Dap(Fmoc)-OH are added under steering and the
mixture is steered at room temperature for 20 hours.
The solution is transferred with 80 ml dichloromethane
into a separating funnel and washed three times with
20 ml 0.1 N HCl each and once with 20 ml saturated
NaHCO3 solution. After drying over Na SO the solvent
is removed using a rotary evaporator (Fig. 4). A
yellowish viscous oil is obtained which is not further
puri fied hi thin layer chromatography using
hexane/ethylacetate of 1:1 a Rf of 0.70 was observed.
Example 4 : Synthesis of
Boc-Dap-N-palmitvI-N-oIeyl-amide [#41 1 g
Boc-Dap(Fmoc)-N-palmityl-N-oleyl-amide raw product
were dissolved in 8 ml anhydrous dichloromethane in a
50 ml round-bottom flask. 3 ml diethylamine were added
and steered at room temperature (Fig. 4). Thin layer
chromatography control of the reaction showed that
after 4.5 hours the reaction of the starting product
was completed. The volatile components were removed by
a rotary evaporator and the residue is chromatography
purified using 40 g silica gel 60 (Merck) using
hexane/ethylacetate 5:1. The product was eluted using
a step gradient consisting of ethylacetate,
ethylacetate/methanol 4:1 and dichloromethane/methanol
4:1. 576 mg (0.85 mmol)
Boc-Dap-N-palmityl-N-oleyl-amide were obtained as a
yellow viscous oil. Example S: Synthesis of
tetra-Boc-[ b-arginyl-2,3-diaminopropionic
acid-N-palmityl-Noleyl- amidel [#51 576 mg (0.85 mmol)
Boc-Dap-N-palmityl-N-oleyl-amide were dissolved in 10
ml anhydrous dichloromethane in a 100 ml round-bottom
flask and 210 mg (0.85 mmol) EEDQ and 403 mg (0.85
mmol) Boc-Arg(Boc)2-OH were added under steering (Fig.
5). The mixture was steered 



under argon atmosphere at room temperature for 20
hours. Subsequently, the dichloromethane is removed by
a rotary evaporator and the residue in 100 ml MtBE
transferred into a separatingproduct was subsequently
purified by flash chromatography (Combiflash Retrieve;
Isco Inc.) using hexane/ethylacetate as eluent. 694 mg
(0.61 mmol) corresponding to a yield of 72 % of a
colourless viscous oil was obtained. Example 6:
Synthesis of b-arginyl-2,3-diammopropionic
acid-N-palmityl-N-oIevI-amide trihydrochloride [#61
694 mg (0.61 mmol) well dried tetra-Boc-[
b-arginyl-2,3-diaminopropionic acid-N-palmityl-Noleyl-
amide] were provided under argon atmosphere in a 25 ml
nitrogen flask according to Schlenk and 8 ml 4N HCl in
dioxane added (Fig. 5). The mixture was steered under
argon inert gas at room temperature for 24 hours,
whereby product precipitated as amorphous and
partially as wax-like solid from the solution after
about 6 to 8 hours. After completion of the reaction
(thin layer control using CHCl3ZMeOHZNH4OH 65:25:4)
any volatile components were removed under high
vacuum. 489 mg (0.58 mmol)
b-arginyl-2,3-diaminopropionic acid-N-paniityl-Noleyl-
amide were obtained as trihydrochloride. Example 7:
Synthesis of N-lauryl-myristyl amine [#71 18.54 g (100
mmol) dodecylamine (laurylamine), 6.36 g (60 mmol)
Na2CO3 and 50 mg tetrabutyl ammonium iodide (TBAI)
were suspended in 100 ml anhydrous DMF in a 500 ml 3-
neck flask having a reflux condenser and a dropping
funnel. A solution of 16.4 ml (60 mmol) 1- bromo
tetradecane in 100 ml anhydrous dioxane were added
dropwise at 100 C over a period of 110 minutes and the
mixture was steered for another 3.5 hours at 100 C
(Fig. 6). The solution was filtered at a temperature
as hot as possible. The crystalline solid which
precipitated at 4 C over night, was removed and was
washed with a little of cold methanol. Subsequently,
the solid was re-crystallised from 200 ml methanol. 9
g of colourless leaf-like crystals were obtained which
are re-crystallised from 100 ml MtBE. The crystals
which precipitated at -18 C, were sucked off from a
cooled frit and washed with cold MtBE. 7.94 g (21
mmol) of a colourless crystalline solid were obtained,
corresponding to a yield of 35 %.Example 8: Synthesis
of Boc-Dap(FmocVN-lanrvI-N-myristyl amide [#81 715 mg
(1.68 mmol) Boc-Dap(Fmoc)-OH were dissolved in 15 ml
anhydrous dichloromethane in a 50 ml round-bottom
flask and 420 mg (1.7 mmol) EEDQ were added. The
mixture was steered at room temperature for 45 minutes
and subsequently a solution of 641 mg (1.68 mmol)
N-lauryl-myristyl amine in 25 ml anhydrous
dichloromethane was slowly added dropwise within 60
minutes (Fig. 6). After a reaction time of 20 hours
the solvent was removed by a rotary evaporator and the
residue transferred with 100 ml MtBE into a separating
funnel. The solution was thoroughly washed with 0.1 N
HCl and saturated NaHCO3 solution, the organic phase
dried over Na2SO4 and the solvent removed by a rotary
evaporator. 1.02 g of a raw product were obtained
which was purified by flash chromatography (Combiflash
Retrieve; Isco Inc.) using hexane/ethylacetate as
eluent. 607 mg pure product were obtained as
colourless, very viscous oil. Thin layer
chromatography using hexane/ethylacetate 1:1 provided
a Rf of 0.58. Example 9: Synthesis of
Boc-Dap-N-Iauryl-N-myristyl amide f#91 607 mg
Boc-Dap(Fmoc)-N-lauryl-N-myristyl amide were dissolved
in 8 ml anhydrous dichloromethane in a 50 ml
round-bottom flask (Fig. 6). 3 ml diethylamine were
added and the reaction steered at room temperature for
4.5 hours. The volatile constituents were removed
using a rotary evaporator and the residue was purified
by chromatography using 40 g silica gel 60 



(Merck) with hexane/ethylacetate 5:1. The product was
eluted by a step gradient consisting of ethylacetate,
dichloromethane and dichloromethane/methanol 3:1. 372
mg (0.655 mmol) Boc- Dap-N-lauryl-N-myristyl amide
were obtained as yellowish, viscous oil. Example 10:
Synthesis of tetra-Boc-f
b-arginyl-2,3-diaminopropionic acid-N-Iauryl-Nmyristyl
amide! f#101 372 mg (0.655 mmol)
Boc-Dap-N-lauryl-N-myristyl amide were dissolved in 8
ml anhydrous dichloromethane in a 50 ml round-bottom
flask and 162 mg (0.655 mmol) EEDQ and 311 mg (0.655
mmol) Boc-Arg-(Boc) 2-OH were added under steering
(Fig. 7). The mixture was steeredorganic phase was
thoroughly washed with 0.1 N HCl, 1 N NaOH and
saturated NaHCO3 solution, dried over Na2SO4 and the
solvent removed by a rotary evaporator. The raw
product was subsequently purified by flash
chromatography (Combiflash Retrieve; Isco Inc.) using
a step gradient of hexane/ethylacetate. 500 mg (0.5
mmol) of a colourless viscous oil were obtained,
corresponding to a yield of 76 %. Example 11:
Synthesis of b-argmyI-2,3-diaminopiOpionic
acid-N-lauryl-N-myristyl amide trihydrochloride [#111
511 mg (0.5 mmol) well dried tetra-Boc-[
b-argrnyl-2,3-diaminopropionic acid-N-lauryl-Nmyristyl
amide] were provided under argon in a 25 ml argon
flask according to Schlenk and 10 ml 4 N HCl in
dioxane were added (Fig. 7). The mixture was steered
under argon inert gas at room temperature for 24
hours, whereby product precipitated as partially
amorphous, partially wax-like solid from the solution
after 6 to 8 hours. Upon completion of the reaction
(thin layer chromatography control using
CHCl3ZMeOHTNH4OH 65:25:4) all volatile components were
removed under high vacuum. 323 mg (0.5 mmol)
b-arginyl-2,3-diaminopropionic acid-N-lauryl-
N-myristyl amide in the form of the tri-hydrochloride
were obtained. Example 12: Synthesis of
Boc-Lvs(Fmoc)-N-Iattryl-N-myristyl amide f#121 937 mg
(2 mmol) Boc-Lys(Fmoc)-OH were dissolved in 10 ml
anhydrous dichloromethane in a 50 ml round-bottom
flask and 495 mg (2 mmol) EEDQ were added (Fig. 8).
The mixture was steered at room temperature for 60
minutes and subsequently a solution of 764 mg (2 mmol)
Nlaurly- myristyl amine in 30 ml anhydrous
dichloromethane was slowly added in a dropwise manner
within 120 minutes. After a reaction time of 20 hours
the solvent was removed using a rotary evaporator and
the residue transferred with 100 ml MtBE into a
separating funnel. The solution was thoroughly washed
with 0.1 N HCl and saturated NaHCO , the organic phase
dried over Na SO and the solvent removed using a
rotary evaporator. 1.757 g of a raw product were
obtained which was purified using flash chromatography
with hexane/ethylacetate 4:1 as eluent. 1.377 g pure
product is obtained as colourless, very viscous oil.
Thin layer chromatography using hexane/ethylacetate
1:1 gave a Rf of 0.57.Example 13: Synthesis of
Boc-Lys-N-Iauryl-N-myristyl amide f#131 1.377 g
Boc-Lys(Fmoc)-N-lauryl-N-myristyl-amide were dissolved
in 16 ml anhydrous dichloromethane in a 50 ml
round-bottom flask. 6 ml diethylamine were added and
the mixture was steered at room temperature for 5
hours (Fig. 8). The volatile components were removed
using a rotary evaporator and the residue was purified
by chromatography using 40 g silica gel 60 (Merck)
with hexane/ethylacetate 5:1. The product was eluted
using a step gradient consisting of ethylacetate,
dichloromethane and dichloromethane/methanol 3:1. 556
mg (0.911 mmol) Boc- Lys-N-lauryl-N-myristyl amide
were obtained as yellowish viscous oil as well as 119
mg of a mixed fraction. 



Example 14: Synthesis of
tetra-Boc-fE-arginyl-lysine-N-Iauryl-N-myristyl amidel
f#141 556 mg (0.911 mmol)
Boc-Lys-N-lauryl-N-myristyl-amide were dissolved in 40
ml anhydrous dichloromethane and 226 mg (0.911 mmol)
EEDQ and 433 mg (0.911 mmol) Boc-Arg(Boc)2- OH were
added under steering (Fig. 9). The mixture was steered
at room temperature for 20 hours. Subsequently, the
dichloromethane was removed using a rotary evaporator
and the residue was transferred with 80 ml MtBE into a
separating funnel. The organic phase was thoroughly
washed with 0.1 N HCl and saturated NaHCO3 solution,
dried over Na2SO4 and the solvent removed using a
rotary evaporator. The raw product was subsequently
purified by flash chromatography (Combiflash Retrieve;
Isco Inc.) using a hexane/ethylacetate step gradient.
A colourless, viscous oil was obtained with a yield of
730 mg (0.684 mmol) corresponding to 75 %. Example 15:
Synthesis of b-arginyl-lysine-N-lauryl-N-myristyl
amide trihydrochloride r#i5i 730 mg (0.684 mmol) well
dried tetra-Boc-[e-arginyl-lysin-N-laurly-N-myristyl
amide] were provided under argon in a 25 ml argon
flask according to Schlenk and 10 ml 4 N HCl in
dioxane were added (Fig. 9). The mixture was steered
under argon inert gas at room temperature for
24chromatography using CHCl3MeOHZNH4OH 65:25:4, all
volatile components were removed under high vacuum.
491 mg (0.633 mmol) e-
arginyl-lysin-N-laurly-N-myristyl amide were obtained
as trihydrochloride. Example 16: Synthesis of
Tri-Boc-v-carbamidipo- a,g-diamino butyric acid [#161
1.31 g (6 mmol) Boc-Dab-OH were provided in 15 ml
acetonitrile in a 100 ml round-bottom flask and 12
mmol diisopropylethyl amine (DIPEA) were added (Fig.
10). Subsequently water was added dropwise until apart
of the Boc-Dab-OH dissolved and subsequently 1.96 g (5
mmol) l,3-di-Boc-2-(trifluoromethylsulfonyl)guanidine
were added. The mixture was steered at room
temperature for 12 hours, whereupon the acetonitrile
was removed using a rotary evaporator. The aqueous
residue was diluted with 5 ml water and 50 ml
dichloromethane were added. The reaction is acidified
to a pH 2 by adding 2 N HCl under steering and
subsequent separation of the organic phase. The
aqueous phase was extracted with 50 ml dichloromethane
and the combined organic phases were subsequently
washed with some of diluted HCl and saturated NaCl
solution. The organic phase was dried over Na2SO4 and
the solvent was removed using a rotary evaporator. The
residue was purified using chromatography on silica
gel 60 using hexane/ethylacetate 2:1. 1.138 g (2.47
mmol), corresponding to a yield of 50 %, of a
colourless amorphous solid was obtained. Example 17:
Synthesis of beta-arginyl-2,3-diaminopropionic
acid-M-palmitvI-N-oIeylamide trihydrochloride [## 6 1
1.225 g (6 mmole) BOC-Dap-OH in 15 ml absolute CH2C12
are suspended in a 250 ml Schlenk flask comprising a
dropping funnel under an argon atmosphere and 1.72 ml
thrimethylamine are added. A solution of 1.52 ml (12
mmole) TMSCI in 30 ml absolute CH2C12 is added
dropwise within 15 to 20 minutes at room temperature
under vigorous stirring. In the meantime 941 mg (5.8
mmole) carbonyl diimidazole is dissolved in 8 ml
absolute CH2C12 in a 100 ml Schlenk flask under argon
atmosphere. A solution of 2.66 g (5.6 mmole)
Boc-Arg(Boc)2-OH in 25 ml absolute CH2C12 is added
dropwise within 15 to 20 minutes at room temperature
and under stirring. Both reaction solutions are
stirred at roomp temperature for 4 h. Subsequently,
832 ml (atmosphere. After 15 to 20 minutes 30 ml water
are added, vigorously stirred for 45 minutes and 



the solution is adjusted to a pH of 2. The organic
phase is separated and the aqueous phase extracted
several times with CH2C12. The combined organic phases
are dried with a saturated solution of NaCl and sodium
sulfate and the solvent removed using a rotary
evaporator. The glass-like residue is purified using
flash chromatography on silicagel using
dichloromethane as eluent. 2.74 g (4.15 mmole; 74%) of
a colourless, amorphous solid is obtained [compound
17]. This solid is reacted with oleyl palmityl amine
[#2] under conditions which are essentially analogous
to the one of Example 10, whereby the temperature is
set to 35 to 40 0C (yield 72 %). The intended final
product b -arginyl-2,3-diaminopropionic
acid-N-palmityl-N-oleyl-amide trihydrochloride [#6] is
obtained upon cleaving off the Boc protection groups
as described in Example 11. The thus obtained product
can be further purified using flash chromatography on
RP- 18 silica gel using MeOH/ water as eluent. Example
18: Manufacture of complexes consisting of cationic
liposomes and siRNA (Lipoplexes) Lipoplexes consisting
of cationic liposomes and siRNA were manufactured
using standard technologies known in the art such as
lipid film/cake, ethanole injection procedure,
reversed phase evaporation and detergent dialysis
procedure [c.f. Liposomes as Tools in Basic Research
and Industry; Jean R. Philippot and Francis Schuber;
CRC Press January 1995 und Liposome Technology:
Preparation of Liposomes:001 Gregory Gregoriadis CRC
Press I Lie. April 1984]. The thus obtained liposomes
which are also referred to herein as lipoplexes
comprise as the lipid beta-argmyl-2,3-diaminopropionic
acid-N-palmityl-N-oleyl-amide trihydrochloride and
additionally either
l,2-diphytanoyl-sn-glycero-3-phosphoethanolamine or
1,2-dioleyl-snglycero- 3-phos rhoethanolamine, whereby
the use of l,2-diphytanoy -sn-glycero-3-
phosphoethanolamine is preferred. The lipid fraction
of such liposomes and lipoplexes, respectively, was 50
mol% beta-arginyl-2,3-diaminopropionic
acid-N-palmityl-N-oleyl-amide trihydrochloride and
either 50 mol%
l,2-diphytanoyl-sn-glycero-3-phosphoethanolamine or 50
mol% l,2-dioleyl-sn-glycero-3-phosphoethanolamine.The
combination of 50 mol% b-arginyl-2,3-diaminopropionic
acid-N-palmityl-N-oleyl-amide trihydrochloride and 50
mol% l^-diphytanoyl-sn-glycero-S-phosphoethanolamme is
also referred to herein as atuFect. It is to be
understood that in principle any other lipid and lipid
composition as disclosed herein can be manufactured
using the previously mentioned techniques as well as
the further processing steps. The liposomes and
lipoplexes, respectively, are subjected to further
processing steps so as to trim them with regard to
size, polydispersibility and layer design. These
characteristics can be adjusted by sonication,
extrusion such as through porous membranes, and
homogenisation, preferably high pressure
homogenisation. The thus formed liposomes were
characterised by photon correlation spectroscopy with
Beckman-Coulter N 5 submicron particle analyser and
the results of such liposomes either sized by
extrusion or by high-pressure homogenisation are
depicted in Fig. 12A and 12B, respectively. From Fig.
12A it can be taken that the size distribution of the
liposomes can be modified using different membranes
having different size exclusions, in the present case
1,000 nm and 400 nm, respectively. In both cases, the
extrusion step was repeated 21 times. It is, however,
within the present invention that the size exclusion
can be from about 50 to 5000 nm, and that the
extrusion 



steps can be repeated 10 to 50 times. As may be taken
from Fig. 12B high-pressure homogenisation is also a
suitable means to modify the size distribution of the
liposomes, whereby upon applying such high-pressure
homogenisation the size of the liposomes depends on
the number of homogenisation cycles to which the
liposomes were subjected. Typical pressure ranges are
from 100-2500 bar, whereby in the present case the
applied pressure was 1,500 bar. Example 19: Lipid
composition and PEG contenttrihydrochloride (cationic
lipid) as the first lipid component,
l,2-diphytanoyl-sn-glycero-3- phosphoethanolamine
(DPhyPE) as the first helper lipid and ceramide
conjugated to PEG2000 (C8mPEG2000) and PEG5000
(C8mPEG5000), respectively, the following formulations
were generated in accordance with the methods
disclosed herein: A1 - A formulations: i - B 5
formulations: or any of the aforementioned
formulations the lipid concentration was 1.445 mg/ml,
siRNAThe RNAi molecules contained in said formulations
were directed against PTEN and the sequences were as
follows: First strand having the following sequence:
uaaguucuagcuguggugg- P; second strand having the
sequence ccaccacagcuagaacuua-P, whereby the
modification pattern is such that the nucleotides
which are printed in bold and, are 2'-O-methyl
nucleotides; at any of the strands, the 3' end starts
with a phosphate depicted by P in the aforementioned
sequences. The lipid formulations were administered to
HeLa cells contained in a 6 well plate each containing
40,000 cells/well. The cells were analysed for
expression of PTEN and the results depicted in Fig. 13
as Western Blots p i 10a expression was used as
loading control and detected by an antibody. From any
of the Western Blots depicted in Fig. 13 A and 13B it
can be taken that the content of the PEG compound, i.
e. the shielding compound can be increased up to 5 and
7.5 mol%, whereby the concentration can be higher or
be at the higher end of this range in case of PEG2000
compared to PEG5000 used. This is a clear advantage
compared to those PEG containing compositions where
the PEG is not removable from the lipid composition.
Lipid formulations of similar compositions comprising
l^-distearoyl-sn-glycero-S-phosphoethanolamine-polyeth
ylen-glycole (DSPE-PEG2000) in the range from 1 to 5
mol% rather than the ceramide PEG conjugate allow only
the introduction of 1 to 2 mol% so as to provide for
an efficient knockdown. The features of the present
invention disclosed in the specification, the claims
and/or the drawings may both separately and in any
combination thereof be material for realizing the
invention in various forms thereof.Claims 1. A lipid
composition comprising at least a first lipid
component, at least a first helper lipid, and a
shielding compound which is removable from the lipid
composition under in vivo conditions. 2. The lipid
composition according to claim 1, wherein the
shielding compound is selected from the group
comprising PEG, HEG, polyhydroxyethyl starch (polyHES)
and a polypropylene. 3. The lipid composition
according to claim 2, wherein the shielding compound
is PEG2000 or PEG5000. 4. The lipid composition
according to any of claims 1 to 3, wherein the
composition 



comprises a further constituent and/or a second helper
lipid. 5. The lipid composition according to any of
claims 1 to 4, wherein the lipid composition comprises
a nucleic acid, whereby such nucleic acid is
preferably the further constituent. 6. The lipid
composition according to claim 5, wherein the nucleic
acid is selected from the group comprising RNAi,
siRNA, siNA, antisense nucleic acid, ribozymes,
aptamers and spiegelmers. 7. The lipid composition
according to any of claims 1 to 6, wherein the
shielding compound is a conjugate of PEG and ceramide.
8. The lipid composition according to claim 7, wherein
the ceramide comprises at least one9. The lipid
composition according to any of claims 7 to 8 wherein
the ceramide is the first helper lipid. 10. The lipid
composition according to any of claims 7 to 8 wherein
the ceramide is the second helper lipid. 11. The lipid
composition according to any of claims 5 to 6, wherein
the shielding compound is attached to the nucleic
acid. 12. The lipid composition according to claim 11,
wherein the shielding compound is attached to the
nucleic acid by a linker moiety preferably covalently
attached to the nucleic acid by a linker moiety. 13.
The lipid composition according to claim 12, wherein
the linker moiety is selected from the group
comprising ssRNA, ssDNA, dsRNA, dsDNA, peptide,
S-S-linkers and pH sensitive linkers. 14. The lipid
composition according to any of claims 11 to 13,
wherein the nucleic acid is selected from the group
comprising RNAi, siRNA and siNA and the linker is
attached to the 3' end of the sense strand. 15. The
lipid composition according to any of claim 1 to 6,
wherein the shielding compound comprises a
pH-sensitive linker or a pH-sensitive moiety. 16. The
lipid composition according to claim 15, wherein the
linker or moiety is an anionic linker or an anionic
moiety 17. The lipid composition according to claim
16, wherein the anionic linker or anionic moiety is
less anionic or neutral in an acidic environment,
whereby preferably such acidic environment is an
endosome.18. The lipid composition according to any of
claims 15 to 17, wherein the pH-sensitive linker or
the pH-sensitive moiety is selected from the group
comprising oligo (glutamic acid), oligophenolate(s)
and diethylene triamine penta acetic acid. 19. The
lipid composition according to any of claims 1 to 18,
whereby the first lipid component is a compound
according to formula (I), wherein R1 and R2 are each
and independently selected from the group comprising
alkyl; n is any integer between 1 and 4; R3 is an acyl
selected from the group comprising lysyl, ornithyl,
2,4-diaminobutyryl, histidyl and an acyl moiety
according to formula (II), Y- (p) wherein m is any
integer from 1 to 3, wherein the NH3 + is optionally
absent, and Y" is a pharmaceutically acceptable anion.



20. The lipid composition according to claim 19,
wherein R1 and R2 are each and independently selected
from the group comprising lauryl, myristyl, palmityl
and oleyl.21. The lipid composition according to any
of claims 19 and 20, wherein R1 is lauryl and R2 is
myristyl; or R1 is palmityl and R2 is oleyl. 22. The
lipid composition according to any of claims 19 to 21,
wherein m is 1 or 2. 23. The lipid composition
according to any of claims 19 to 22, wherein the
compound is a cationic lipid, preferably in
association with an anion Y . 24. The lipid
composition according to any of claims 19 to 23,
wherein Y is selected from the group comprising
halogenids, acetate and trifluoroacetate. 25. The
lipid composition according to any of claims 19 to 24,
wherein the compound is selected from the group
comprising b-arginyl-2,3-diamino propionic
acid-N-palmityl-N-oleyl-amide trihydrochloride
b-arginyl-2,3-diamino propionic
acid-N-lauryl-N-myristyl-amide trihydrochlorideand
e-arginyl-lysine-N-lauryl-N-myristyl-amide
trihydrochloride 26. The lipid composition according
to any of claims 1 to 25, wherein the composition
comprises a carrier. 27. A pharmaceutical composition
comprising a composition according to any of claims 1
to 26 and a pharmaceutically active compound and
preferably a pharmaceutically acceptable carrier. 28.
The composition according to claim 27, wherein the
pharmaceutically active compound and/or the further
constituent is selected from the group comprising
peptides, proteins, oligonucleotides, polynucleotides
and nucleic acids. 29. The composition according to
claim 28, wherein the protein is an antibody,
preferably a monoclonal antibody. 30. The composition
according to claim 28, wherein the nucleic acid is
selected from the group comprising DNA, RNA, PNA and
LNA.31. The composition according to any of claims 28
or 30, wherein the nucleic acid is a functional
nucleic acid, whereby preferably the functional
nucleic acid is selected from the group comprising
RNAi, siRNA, siNA, antisense nucleic acid, ribozymes,
aptamers and spiegelmers. 32. The composition
according to any of claims 1 to 31, wherein the first
helper lipid and/or the second helper lipid is
selected from the group comprising phospholipids and
steroids, preferably under the proviso that the first
and/or the second helper lipid is different from a
ceramide. 33. The composition according to claim 32,
wherein the first and/or second helper lipid or helper
lipid component is selected from the group comprising
l,2-diphytanoyl-sn-glycero-3- phosphoethanolamine and
l^-dioleyl-sn-glycero-S-phosphoethanolamine. 34. The
composition according to any of claims 32 to 33,
wherein the content of the helper lipid component is
from about 20 mol % to about 80 mol % of the overall
lipid content of the composition. 35. The composition
according to claim 34, wherein the content of the
helper lipid component is from about 35 mol % to about
65 mol %. 36. The composition according to any of
claims 33 to 35, wherein the lipid is b-arginyl-2,3-
diamino propionic
acid-N-palmityl-N-oleyl-amidtrihydrochloride, and the
helper lipid is 1,2- 



diphytanoyl-sn-glycero-3-phosphoethanolamine. 37. The
composition according to claim 36, wherein the lipid
is 50 mol% and the helper lipid is 50 mol% of the
overall lipid content of the composition. 38. The
composition according to any of claims 4 to 37,
wherein the composition further comprises a second
helper lipid. 39. The composition according to any of
claims 1 to 38, wherein the first and/or the
secondwhereby such moiety preferably provides a
molecule weight from about 500 to 10000 Da, more
preferably from about 2000 to 5000 Da. 40. The
composition according to claim 39, wherein the helper
lipid comprising the PEG moiety is selected from the
group comprising
l,2-distearoyl-sn-glycero-3-phosphoethanolamine and
1,2-dialkyl-sn-glycero-3-phosphoethanolamine. 4 1. The
composition according to claim 40, wherein the PEG
moiety of the helper lipid has a molecular weight from
2,000 to 5,000 Da, preferably a molecular weight of
2,000 Da. 42. The composition according to claim 41,
wherein the composition comprises as the lipid
component b-arginyl-2,3-diamino propionic
acid-N-pahnityl-N-oleyl-amide trihydrochloride, as a
first helper lipid
l,2-diphytanoyl-sn-glycero-3-phosphoethanolamine and
as a second helper lipid
1,2-distearoyl-sn-glycero-3-phosphoethanolarnine-PEG20
00. 43. The composition according to any of claims 38
to 42, wherein the content of the second helper lipid
is from about 0,05mol% to 4,9 mol%, preferably about 1
to 2 mol%. 44. The composition according to any of
claims 7 to 10 and 15 to 43, wherein the composition
contains from about 1 to 10 mol%, more preferably 1 to
7.5 mol% and most preferably 1 to 5 mol% of the
conjugate of PEG and the ceramide. 45. The composition
according to claim 44, wherein the ceramid is C8m and
PEG is PEG 2000 and wherein the content of the
conjugate of PEG and the ceramide is from about 1 to
7.5 mol%. 46. The composition according to claim 44,
wherein the ceramide is C8m and PEG is PEG5000 and
wherein the content of the conjugate of PEG and
ceramide is from about 1 to 5 mol%. 47. The
composition according to any of claims 43 to 45,
wherein the content of the first lipidabout 42.5 to 50
mol%, whereby the sum of the content of the first
lipid component, of the first helper lipid and of the
conjugate of PEG and ceramide is 100 mol%. 48. The
composition according to any of claim 1 to 47, wherein
the functional nucleic acid is a double-stranded
ribonucleic acid, wherein the composition further
comprises a nucleic acid, preferably a functional
nucleic acid which is more preferably a
double-stranded ribonucleic acid and most preferably a
nucleic acid selected from the group comprising RNAi,
siRNA, siNA, antisense nucleic acid and ribozyme,
whereby preferably the molar ration of RNAi to
cationic lipid is from about 0 to 0.075, preferably
from about 0.02 to 0.05 and even more preferably
0.037. 49. The composition according to any of claims
1 to 48, wherein the first lipid component and/or at
least one of the helper lipids and/or the shielding
compound is/are present as a dispersion in an aqueous
medium. 50. The composition according to any of claims
1 to 48, wherein the first lipid component and/or at
least one of the helper lipids and/or the shielding
compound is/are present as a solution in a water
miscible solvent, whereby preferably the solvent is
selected from the group 



comprising ethanol and tert.-butanol. 51. Use of a
composition according to any of claims 1 to 50, for
the manufacture of a medicament. 52. Use of a
composition according to any of claims 1 to 50, as a
transferring agent. 53. Use according to claim 52,
wherein the transferring agent transfer a
pharmaceutically active component and/or a further
constituent into a cell, preferably a mammalian cell
and more preferably a human cell. 54. A method for
transferring a pharmaceutically active compound and/or
a further constituent into a cell or across a
membrane, preferably a cell membrane, comprising
theproviding the cell or the membrane; providing a
composition according to any of claims 1 to 50,
whereby the composition comprises the pharmaceutically
active compound and/or the further constituent; and
contacting the cell or the membrane with the
composition according to any of claims 1 to 50. 55.
The method according to claim 54, wherein the method
comprises as further step: detecting the
pharmaceutically active compound and/or the further
constituent in the cell and/or beyond the
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