United States Patent [

Dwyer et al.

US005958901A

5,958,901
Sep. 28, 1999

[(11] Patent Number:
451 Date of Patent:

[54] PHOSPHONIC ACID-BASED CATIONIC
LIPIDS

[75] Inventors: Brian Patrick Dwyer; Alexandre V.
Lehedev, both of San Diego; Bob Dale
Brown; David Aaron Schwartz, both
of Encinitas, all of Calif.

[73] Assignee: Genta Incorporated, San Diego, Calif.

[21] Appl. No.: 08/665,055

[22] Filed: Jun. 5, 1996

Related U.S. Application Data

[63] Continuation-in-part of application No. 08/484,716, Jun. 7,
1995, abandoned.

[51] Int. CL® .o A61K 31/665; CO7F 9/40
[52] US.Cl . 514/75; 558/166; 558/177
[58] Field of Search ...........cocoevviieiennene 558/166, 177,
514/75
[56] References Cited
U.S. PATENT DOCUMENTS
4,897,355  1/1990 Eppstein et al. ......cccoeeueeeee 435/240.2
5,171,678 12/1992 Beher et al. ... 558/170
5,264,618 11/1993 Felger et al. ....ccccovvvviiivinnnne 560/224
5,283,185  2/1994 Epand et al. ....... ... 435/172.3
5,334,761  8/1994 Gebeychu et al. ... 564/197
5,420,328  5/1995 Campbell ..o 558/110
5,661,018  8/1997 Ashley et al. .ooooooooooerovvcrcerns 558/166
FOREIGN PATENT DOCUMENTS
94/19314  9/1994 WIPO .

OTHER PUBLICATIONS

Kallinowski et al., “Carbon—13 nuclear magnetic resonance
study of some phosphinolipids: assignments and conforma-
tional studies”, Magn. Reson. Chem. vol. 27(7), 647-652,
1989.

Shvets et al., “Complex lipids. Synthetic routes to phos-
phatidylethanolamines. Synthesis of N—acylphosphatidyle-
thanolamine™, Bioorg. Khim. vol. 1(6), 758-764, 1975.
Stallmach et al., “The effect of incorporation of phosphonic
acid dibutyl ester in POPC model membranes on the hydra-
tion force”, Chem. Phy. Lipids vol. 74, 17-23, 1994.
Felgner et al., Lipofection: A highly efficient, lipi—-mediated
DNA-transfection procedure, Proc. Natl. Acad. Sci. USA
84:7413-7417 (1978).

Primary Examiner—Jose’ G. Dees

Assistant Examiner—Barbara Badio

Attorney, Agent, or Firm—Knobbe, Martens, Olson & Bear,
LLP

[57] ABSTRACT

The present invention provides novel phosphonic acid-based
cationic lipids of the general structure:
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or a salt, or solvate, or enantiomers thereof wherein; (a) R;
is a lipophilic moiety; (b) R, is a positively charged moiety;
(¢) R, is a lipophilic moiety of 1 to about 24 carbon atoms,
a positively charged moiety, or a negatively charged moiety;
(d) n is an integer from O to 8; (e¢) X is an anion or
polyanion; (f) Y is N or O, and (g) m is an integer from O to
a number equivalent to the positive charge(s) present on the
lipid.

The present invention further provides compositions of these
lipids with polyanionic macromolecules, methods for inter-
fering with protein expression in a cell utilizing these
compositions and a kit for preparing the same.
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