
;e3e..~~Rn@6vTer M       AMINOBIGUANIDES AND THE USE THEREOF TO DISINFECT
CONTACT LENSES AND PRESERVE s PHARMACEUTICAL COMPOSITION Background of the
Inyention io The present invention is directed to aminobiguanides having
antimicrobial activity, and to the use of these aminabiguanides in
pharmaceutical compositions. More specifically) the invention is directed
to use of the subject aminabiguanides in compositions and methods far
disinfecting contact lenses, and to the use of these compounds to preserve
various types of pharmaceutical compositions from microbial is
contamination, particularly ophthalmic and otic pharmaceutical
compositions, ' Contact lenses are exposed to a broad spectrum of microbes
during normal wear and became soiled relatively quickly. Routine cleaning
and disinfecting of the tenses are therefore required. Although the
frequency of cleaning and disinfecting may vary somewhat among different
types of lenses and lens care regimens, daily 2c cleaning and disinfecting
is normally required, Failure to clean and disinfect the lens properly can
lead to a multitude of problems ranging from mere discomfort when the
lenses are being worn to serious ocular infections. Ocular infections
caused by particularly virulent microbes, such as Pseudomorras aerugtrtasa,
can lead to loss of the infected eyes) if left untreated or if allowed to
reach an advanced stage before is treatment is initiated. It is therefore
extremely important that patients disinfect their contact lenses in
accordance with the regimen prescribed by their optometrist or
ophthalmologist) Unfortunately patients frequently fail to fallow the
prescribed regimens, Many patients find regimens to 6e difficult to
understand and/or complicated, and as a 3o result do not comply with one or
more aspects of the regimen. Other patients may have a negative experience
with the regimen, such as ocular discomfort attributable to  
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and as a result do not routinely disinfect their lenses or otherwise stray
from the prescribed regimen. In either case, the risk of ocular infections
is exacerbated. Despite the availability of various types of contact Lens
disinfecting systems, s such as heat, hydrogen peroxide, and other chemical
agents, there continues to be a need for improved systems which: 1 ) are
simple to use, 2) have potent antimicrobial activity, and ~) are nontoxic
(i.e., do not cause ocular irritation as the result of binding to the lens
material). There is also a need for chemical disinfecting agents that
retain their antimicobial activity in the presence of salts (e.g.) sodium
chloride) and other ~ o components of compositions utilized to treat
contact lenses. For example, United ; States Patent No. 4,438.U11 (Hawes)
states that ionic species such as chloride inhibit the antimicrobial
activity of the biguanide chlorhexidine, and teaches that the concentration
of such ionic species must therefore be limited in order to maintain
adequate antimicrobial activity far disinfecting contact leases. t s There
is also a need far an improved means of preserving pharmaceutical
compositions from microbial contamination. This need is particularly
prevalent in the fields of ophthalmic and otic compositions. The
antimicrabial agents utilized to preserve aqueous ophthalmic and otic
compositions must be effective in preventing microbial contamination of the
compositions when used at concentratians that are 2o non-toxic to
ophthalmic and otic tissues. The present invention is directed to
satisfying the above-cited needs. Summary of the Invention The present
invention is directed to certain arninobiguanides having zs antimicrobial
activity and to pharmaceutical compositions containing one or mare of these
aminobiguanides to preserve the compositions from contamination by
microorganisms. The invention is also directed to the use of the subject
aminabiguanides to disinfect contact lenses. _2.   ~ ~ ~ a ~ ~aa~  The
aminobiguanides of the present invention have excellent antimicrobial
activity, even at very low cancentrations, These compounds retain excellent
antimicrobial activity, even in, the presence of salt-captaining media,
such as saline salutians. The retention of antimicrabial activity in the
presence of sodium chloride and ether salts is highly significant, since
such salts are commonly found in pharmaceutical compositions. For example,
sodium chloride and other salts are frequently used to adjust the
osmolality of ophthalmic compositions, so as to make the compositions
isotonic with human tears, Sodium chloride or other salts may also be
present in aqueous otic compositions. Moreover) compositions utilized to
treat contact lenses frequently contain cleaning agents ar other
ingredients that may also have a negative effect on the activity of
antimicrobial agents. The ability of the aminobiguanides of the present
invention to retain a high level of antimicrobial activity, even in the
presence of salts and other ingredients of pharmaceutical compositions, is
therefore an important feature of the present invention. Description of
Embodiments including Preferred Embodiments 



According to one embodiment of this invention there is provided a sterile
pharmaceutical composition for disinfecting a contact lens, comprising; ' a
compound of the following formula, in an amount effective to disinfect the
lens: 2 R~ -~H ~~11 R~ 4 Ft -N-X-NH -NH lCJ-N R (T) wherein: R1 is selected
from the group consisting of alkyl (Ci to Czo), aminoalkyl (C, to C2o),
aryl) arylalkyl (C3 to Coo), aryloxyalkyl (C~ to Cao) and cycloalkyl (C3 to
C2o); 1~2, R3 and 1t4 are the earns or different and are selected from the
group consisting of hydrogen, alkyl (Ci to CZO), aminoalkyl (Ci to Coo),
aryl, arylalkyl (C3 to Czo), aryloxyalkyl (C~ to Coo) anal cycloalkyl (C3
to Czo); acrd X is alkyl (C2 to Czfl), optionally containing one or mare
substituents selected from the group consisting of cycloalkyl (C~ to Coo),
aryl, arylalkyl (C3 to Cz~) and aryloxyalkyl (C3 to C2~), cr a
pharmaceutically acceptable salt thereof; and an aqueous vehicle therefor,
According to another embodiment of this invention there is provided a
compound of the following formula: R~ H NH Rs Rz-N--~X--NH-~-NH-C-N~-R4 (~
19 J U Pl 2U~ 3a wherein R~ is selected from the group consisting of alkyl
(C1 to C2o), aminaalkyl (C~ to Cxo) and cycloalkyl (C3 to Cxo); Rz, R3 and
R4 axe the same ax different and are selected from the group consisting of
hydrogen, alkyl (Cz to Coo), aminaalkyl (C, to Czo) and cycloalkyl {C3 to
Czo): and X is selected from the group consisting of alkyl (Cz to Cto) arid
alkyl (Cz to Cic) substituted with cycloalkyl (Cs to Czo); or a
phanmaceutically acceptable salt thereof. According to an additional
embodiment of this invention there is provided a method of disinfecting a
contact lens which comprises soaking the lens in an aqueous disinfecting
solution for a time sufficient to disinfect the lens, said solution
comprising: a compound of the following formula, in an amount effective to
disinfect the lens: Ri NH NH R~ Rz---N?C--htH-~~--NW~-N-~-Ft4 (I) wherein:
R~ is selected from the group consisting of alkyl (C1 to Czo), aminaalkyl
(C~ to C2o), aryl, arylalkyl (C3 to C2~), aryloxyalkyl (C~ to C2a) and
cycloalkyl (C~ to Caa); Ra, R~ and lt~' are the same or different and are
selected from the group consisting of hydrogen, alkyl (C~ to Czo),
aminoalkyl (Ci to Czo), aryl, arylalkyl {C3 to Czo), aryloxyalkyl (C3 to
~xa) and cycloalkyl (Ca to Cxo)~ and X is alkyl (C2 to Cxo), optionally
containing one or more substituents selected from the group consisting of
cycloalkyl (C3 to Czo), axyl, arylalkyl (C~ to Cza) and aryloxyalkyl (C~ ro
c2o)~ or a pharmaceutically acceptable salt thereof; acrd an aqueous
vehicle therefor. 



According to a further embodiment of this invention there is provided a
pharmaceutical composition comprising a compound of the following formula
in an amount effective to preserve the composition from microbial
contamination: z ~1 ~H _~H R3 a R --~-N >C-NH~ -NH ~-N R wherein: R' is
selected from the group consisting of alkyl (C~ to Cz~), aminoalkyl (C, to
Czo), aryl, arylalkyl (C~ to C2o)) aryloxyalkyl (C3 to C2o) and cycloalkyl
(C~ to C2o);   '1 ~ ~l U ~ Z~u~ ~b Rz, R3 and R4 are the same or different
and are selected fmm the group consisting of hydrogen, alkyl (~~ to Coo),
aminoalkyl (C~ to ~ao)~ ~Yl, arylalkyr (Ca to Czo), aryloxyalkyl (C~ to
Cao) and cycloalkyl (C3 to Q20); and X is alkyl (C~ to Caa), optionally
containing orre ar more substituents solected from the group oonsisting of
cycloalkyl (Cs to Cza), aryl, arylalkyl (C3 to Coo) and arylaxyalkyl (C~ to
Cxo), or a pharnaaaeutically acceptable salt thereof, According to yet a
further embodiment o this invention there is provided a method of
preserving a pharmaceutical composition from microbial contarninatiou,
which comprises including a compound of the following formula in the
composition, in an amount effective to preserve the composition: Ft' NH NH
R3 Ra-N X NH-~-NH-C-N--~-f~4 wherein: R~ is selected from the group
consisting of alkyl (C~ to Cxa)~ inoalkyl (C~ to Czo), aryl, aryla11cy1 (G~
to Coo), ~yloxyalkyl (C3 to Czo) and cycloalkyl (C~ to Caa); Rz~ Rs ~d Ra
~,e ~e see or different and are selected from the groug consisting of
hydrogen, alkyl (C1 to ~za), amirroallkyl (Ct to Czo), aryl, arylalkyl (C3
to Cao)~' aryloxyallcyl (C3 to Cxo) and cycloalkyl (C3 to Czo); and X is
alkyl (Cz to C~a), optionally containing one or more substituenta selected
from tho group COY1615ting of cycloalkyl (G~ to Cza), aryl, aryla11cy1 (C3
to Sao) and azyloxyalltyl (C~ to Cza), Qr a pharmaceutically acceptable
aalt thereof.   4 in the faregoing definitions of the R', lea) R3, Ra at~d.
X substituents, the alkyl groups rnay be saturated or tuisaturated and may
be in the form of either straight or branched chains, and all of the groups
other than hydrogen rnay contain one or more hetexaatams. The Compounds of
the present invention also include phanx~aceuticaliy acceptable salts ofthe
compounds of tkro formula (I), Preferred substituents of formula (1) are
wherein: Rl is selected Pram the group consisting of alkyl (C~ to Caa),
aminaalkyl (C~ to Czo) and cyGlaalkyl (C3 tQ Cza) Rz, R3 and R4 are
selected from the group consisting of hydrogen, alkyl (C~ to CzQ), 



aminoalkyl (Ct to C2c) and cycloaLkyl (C~ to ~za); and X is selected rom
the group cax~sisting of alkyl (~Z to Coo) and alkyl (G2 to Cio)
substituted with cycloalkyl (C3 to Cao). The most preferred compounds are
those whexein Rz, R3 and R4 are hydrogen ar C, to Czo alkyl, and X is Cz to
Cu alkyl ar Cz to Coo alkyl containing one ar rnare cycloalkyl (Cz to Czo)
substituents. Examples of such campaunds are set forth in the following
table: Compound l~IumberR.~RaRaRdX1Cf~3CHz CHH1,4-dimeth 1 ant 1CHz s2CHCHz
CHaHh t 1CHI 3CHCH3 CH i 1Hdeo 1CHZC~3~3(~~~)l1H~'nlethyl-N-oadl cyl
artalilo(~HZ)3   w~ Q9132158 PC'1"IUS98/2933Z  The compound wherein X is
propyl, RI is methyl, R2 is dadecyl, ~t~ is hydra~on and R4 is 1,
4-dimethyIpentyl (i.a., Compound IrTumher I) is the most preferred compound
of formula (I). 'The compounds of formula (I) may be synthesized in
~ccardance with then s following reaction schema; t _ Ha + , /N ~'CN `NHa
GN NH .GN ~1~ 1'~-N~NHy + N NH .~HCI NH NH rr .HCI -.~- H I ~,s . N'NH 10
guitable methods fbr synthesizing the oompounds t~f formula (I) are further
demartstrated by the following examples, which describe the synthesis of
ce~rin preferred compounds: Example 1 Synt6esie~ of Compound Prlumbe~ 1:
.~NC1 NH iH ,, .HCI ,~ N v N Gi~~,.N~ ~..Nfi 1 



19 JUN ZGOZ ' wa ~~na t ss P~TIUR9$1~733a . A mixture of
2,5-dimethylhexylarnie hydrt~chlaride (3 g. 19.9 mM) :tnd 1.96 g (22 mM) of
radium dicyanamide in 30 ml of 1-butanal was reacted under reflex fvr 6
hours and canGetitrated in vacud) This was suspended itx 200 ml of water
and extracted with chloroform (2x200m1). The organic layer was washed with
wator and s dried over MgS04 and concentrated ~n vacua. This residue was
crystallized fxam ethyl acetate -n- hexane to yield 3.0 g. (75% yield).
Nmr(C17C13) $ 5.3 (m) 3H)) 3.b (m, 1 H)), i .b (s, 3H), 1.b-1.4 (m, 3>3),
1.3 (m, ~I~), and 0.9 (d, b). 'This material was used without further
purification. Ta a pressure bottle added 8.0 g (24.3 n~M) of N,
N-dodecylmethyt-1,3-prapanediamine dihydroehlaride, d.23 g (34.4 rnM) t~f
1,4 ~ 0 dimethylpentylcyanagr~anidine and 1.5 niL, of amyl aicohal. 'T'he
bottle was sealed attd heated to 150C. Melting began at about 110C and the
reaotiatt rnixture was stirred at 150C far 4 hrs. after which ethanol was
added to dissolve the rnaterisl. 'this material was acidified with
concentrated HCl to pH U-1 and precipitated with acetone to yield white
material, This was crystallized from isapropenal-a~eetone to n give the
desired compound as a white crystal. Elemental Analysis: Calcd, for
~25H$7Nb~13(549 14): C, 54,b8; H, 10.b5; N, 15.31; Cl) 19.37 Found: C,
55.ab; H, 10.44; N, 15,14; C1, 19.14. Nmr (I7MS0-db): ~ 3.7 (m, 1 H), ~ .3
(m, 4H), 3.0 (m, 2H), 2.$ (s, 3H, N-CI-Ig), 2.I (b. 2H), 1.8 (b, 2H), 1.5
(b, 2H), 1.3 (m, 21H)) and 0.9 (d, bH, CH3). DIMS also confirmed the above
structure. xo Eaatnple Z .~~ - .. ~yntheala of ~ompauud Number 2: .r~MCI NH
.NCI ., N~R Ci:'~ N .~``'~.pH Rs (Qlliy~CHi 2~ 1,r,   19 J lJ ~ ~.~02 Hy
following the procedure dESCribed in the synthesis ~ Campouz~d 1 (soe
Exstnple 1), above) with a mixture of 0.658 g (4.b58 g., 2 nxM) ~f
N,N-dodecylmethyl-1,3propanediarnine dihydrochlprides and 0,346 g (2mM) t~f
n-hexylcyanoguanidine) 0.5 g {49% yield) cf the desired product was
obtained. ~iemental Analysis; Calcd. fox CaSHs~Nsy3: C, 5A.68; H, 14.65; N,
15.31; Cl, 19,3? Found:, C, 54.71; H, 14.26; N, 15.29; Cl; 19.19 Nmr
(17MSQ-d6): $ 3.4-2.9 (m, $li), 2.7(s) 3H, N-~~i3), 1.9 (b, 2H), 1.7 (b,
a13), 1.5 (b, NHCHaCHZ, ZH~,1.3. (app, s, 26H), and 0.9 (t) 3H, CHI). 



Examine ~ Syntbesls of Compound Number 3: .2HG1 .HCI NH H ~ ~iD
C~~``N'~'NNN NHS ~`he same procedure as described in the syntheses of
Compound 1 (see Example 1, above) was utilized with 0.73 ~ (2.2 mM) of N,N
dodecylmethyl-1,3-prapanediamiiie dih.ydrochlorides az~d 0.3 g (2,2 mM) of
decylcyattoguanidi;~e to afford 0.5 g (38.6 %) c~f the dcsired product.
Elemental analysis; Calcd. for Cz$H63N6C13 (590.20): C, 56.98; H, 10,76; N,
14.24; C1,18.02 Found; C) 56.68; H, 10,G2; N, 14.i9; Cl, 17.$5 Nrnr.
(CDC13) 8 2,9 (N-CI~~), 2.3 (broad, 2H), 1,9 (broad, 2H), 1.7 (broad, 2H)
1.5 (s, 32H), at~d 1.1 (t, 6H). xam le Syntheses of Campoupd Nutttber 4:
.aHGI N NH NH NHN Giz .HGI .HCI via A mixtu~'e of
N,N-dodeaylmethyl-1,3-prapar~ediamino dihyd*ochloride (2.d g. 6, lrnlvJ7
aad 0.7 g (7.9 mM) of sodiumtlicyat~amide was reacted in 40 m1 n-butanoI
under reflex for 5 hrs and aqueous NaHC03 was added. The organic layer was
separated and dissolved in chlarofonxi solution. "xhis chloroform solution
was washed   ~ 9 J U ~l ~0~2 wo ~9nztss ~cTrus~$n7~az _ with aqueous NaH~~3
and water successively and concentrated in vacuo. This residue was
crystallized from methanol. m.p. 80-$ l . Elemental Analysis; Calcd. for C1
gH3ZN5 (3a3.53) C, b6.83; H, 11.53; N, 21.55 Found: C, d6.39; H, 11.51; N,
21.71. Nmr (Cl~3~lD) & 3.2 (t, 2H), 2.4 (m, 4H), 2.Z (s, 3) N-CH3), 1,7 (m,
2H), 1.5 5 (rn, 2H), 1.3 (s, 18H), and d.9 (t, 3H), This cyartoguanidine
(p.5 g, 1.5 rnM) w$s reaoted with 0.51 g ( 1.5 mM) of dihydrachlaride salt
of IV,N dadecylmethyl- I,3propanediamine in 0,5 ml of amylalcohol at 155 C
far 3 hrs and precipitated with acetone. The precipitate was dissolved in
ethanol and adjusted to pH l.p with HCI. This was concentrated in vQCUO and
c~r~rstallized from ethanol to afford 0,71 g. (74% ~ o yield). Elemental
analysis: Calcd. far C34H73N7.4HC1 (72b,26): C, 56a3; H, 1 d.69; N, 13.56;
~1 19.53 pound: C, 55.86; H, 10.30; N, 13.71; Cl, I9.0. DIMS confirmed the
above structure. , Nmr (DMS~-dd) b 3,3-2.9 (m, 12H), ~.7 (s, 6H, NCH3), 1.9
(b, 4H)) 1.6 (b, 4H), i.3 (s, 36H)) and 0.8 (t, 6H, CH3). 



The compounds of formula (1) can be used individually, in camblnatian with
i s one ar more other compounds of fornnula (I), ar in combination with
other disinfectants ar preservatives. The aa~npounds may, for example, lye
used in combination with the polymeric quaternary ammonium compounds
described in United States Patent Na. 4,407,791; the entire contents of
that patent are hereby incorporated in the present specification by
reference. As described in the `T91 ?o patent, those polymeric quaternary
ammonium compounds are useful in disinfecting contact lenses and preserving
aphthalmia compositions. The most preferred polymeric quaternary ammonium
compound is paly~uaternium-1. Such polymeric quaternary ammonium compounds
are typically 'utilized In an amount of from about 4.00O I to 0.0I percent
waightlvatume ("w/v '/"). Far the agent palyquaterttium-i, a as
cancer~tratian of U.001 wlv % is preferred. The amount of each comgoutid
used will depend on the purpose of the use, e.g., dislnfection of contact
lenses or preservation of pharmaceutical compositions, and the absence ar
inclt~sian of other antlmicrobial agents. The concentrations .~.   wo
~~r.~ziss ~ PCTIuS~s~z~33i . determined to ba necessary for the
above-stated purposes can be functionally ' described as ``an amount
effective to disinfect" arid "an amount effective to preserve" or
variations thereof; The eartcantrations used for disirtfection will
generally be in the range of from about a,0001 to about 0.1 percent wlv /a
("wlv %"). The , s concentrations used for preservation will generally be
in the range of from about a.aoao 1 to shout 0.0 I wlv !o. The compositions
of the present lnventinn may be aqueous or nanaqueaus, but will generally
be aqueous. As will be appreciated by those skilled in the art, the
compositions may contain a rwide variety of ingredients, such as torticity
agents (e.g., ~o sodium chloride or mannitol), surfactants (e.~,, polyvinyl
pyrrolidane and z palyoxyethylenelpalyoxypxopylene copolymers), viscosity
adjusting agents (e.g., hydroxyprapyl methyl cellulose and other cellulose
derivatives) and buffering agents (e.g., borates, citrates, phosphates and
carbonates). As indicated above, the ability of the compounds of formula
(I) to retain their antimicrobial activity in the presence of is such
agents is a significant advantage of the present invention. The ophthalmic
compasitiarts of the present invention will be formulated so as to be
cpmpatible with the eye andlor contact lenses to be treated with the
carnpasitians. As will be appreciated by those skilled in the art, the
ophthalmic compositions intended for direct application to the eye will be
formulated sd as to 2o have a pH and tonicity that are compatible with the
eye. This will normally require a buffer to maintain the pH of the
composition at ar near physiologic pH (i.e., 7.4) and may require a
tonicity-ad3usting agent (e.g., NaCI) to bring the osmolality of the
composition to a level that ranges from slightly hypotonic to isotonic,
relative to human teats, This range corresponds to an osmolallty of from
about 22a to about 320 ?s milliasmoles per kilagrarn water ("masmlkg"). 



. The formulation of compositions for treating contact lenses (e.g.,
disinfecting andlor cleaning) will involve similar cansldexatians, as well
as considerations relating to the physical effect of the compositions on
contact lens materials and the patenti$1   ~ 9 J U ~i ~00~ , WO 9913115$ '
PC'f/U59812733Z for binding ar absorption of the cotttpanents of the
composition by the lens. The contact lens disinfecting compositions of the
present invention will preferably be formulated as aqueous solutions, but
may also be formulated as nonaqueous solutions, as weh as suspensions,
gels, and sa on, The compositions may contain a variety of 5 tdnicity
agents, surfactants, viscosity adjusting agents and buffering agents, us
described above. The above~deseribed compositions may be used to disinfect
contact lenses in accordance with processes known to thane skilled in the
art, lViore specifically, the lenses will ~~rst I~e removed $om the eyes
t~f the patients, and then will be immersed ~o in the compositions for a
time sufficient to disinfect the lenses. This immersion will typically be
accomplished by means of soaking the lenses in a solution overnight (i.e.)
approximately six to eight hours). The lenses will then be rinsed and
placed in the eye. Prior to immersion in the disinfecting compositions, the
lenses will preferably also be cleaned and rinsed. ' is The eompositio~xs
and methods of the present invention may be used in . conjunction with
various types of contact lenses, including birth lenses generally
classified as "hard" attd lenses generally classified as "sod". The
compounds of formula (I) may also be included in various types of
pharmaceutical compositions as preservatives, so as to prevent microbial .
Zn contamination of the compositions. The types of compositions which may
1~e preserved by the compounds of formula (r) include: ophthalmic
pharmaceutical compositions, such as topical compositions used in the
treatment of glaucoma, infections, allergies or inflammakion; otic
pharmaceutical compositions, such as topical compositions used in the
treatment of bacterial infections ar inflammation of 25 the ear:
compositions for treating contact lenses, such as cleaning products and
products for enhancing the ocular comfort of patients wearing contact
lenses; other types of ophthalmic compositions, such as ocular lubricating
products) artificial tears, astringents. and so an; dermatological
compositions, such as antiinflammatory   compasitiatts) as well as shampoos
$nc1 other cosmetic compositions; and various other types of pharmaceutical
compositions. The present invention is not limited with respect to the
types of pharmaceutical cort'rpositians in wlxieh the compounds of formula
(I~ may be contained as preservatives, but the compounds are particularly
useful in preserving aphthalntic and otic compositions from rtXicrobial
cantatninatian. The Compounds are particularly usefktl in these types of
compositions. due to the ability of the compounds to exhibit a preservative
effect at very low concentrations, without adversely affeetirig
ophthalt~riic and otic tissues. Tha following examples are provided to
further illustrate the use of the _ ' compounds of farmuia (I) in
pharmaceutical compositions and to demonstrate the antirnicmbial activity
of the compounds. . Emple ~ . The following formulation represents an
example of a contact lens disinfecting solutit~n of the presont invetion.
tri this formulation, the aminobi~uanide oompourids of the present
invention function to preserve the formulation from microbial
catttatnination during storage. The compounds also function as an active
disinfecting 



' agent when the fotmulatlo~n is applied to contact lenses. , , - 12   1 ~
J U ~ ~00~ In~redlent Compauc~d 5arbita! AMP-95TH Sodium ~itrata Sodium
~hlat~de Boric Acid EDTA Tetronic 1304V Purified Wa~tef 1'iCIINaOH
~oncer~tratioa (w 0,40D5 1.2 4.45 O.GS 0.1 0.6 0.05 0.0S q,s. 10Q q,s. ,pH
7: S ' In the foregoing formulation, the term "Compound" !s intended to
represent any of the aminabiguanides of fot'~trtula (I). The focmulatiott
is ats aqueausi isotania solution. The solution can be prepared by
seQuentially dissolving each ing~rtdient in water, and adjusting the pH of
the resulting salutlan, if neccessaDr. Exams ' The following forrnui~tion
represents another example of a contact lens ' disinfecting solution of the
present itwention: _m.   ~ s ,a a ~ 2aoz tagredleatCopeeutratiud (w!v
%)Compound0.00lSoxic Aaid0.S8 'Sodium Borate0,18Disodium EDTA0.05Sodit,~m
Chloride0.4~Purified V~l'$terq.s. 100 .Na~H/FiCt q.s. phi 7.0 The foregoing
~ar~nulation is an aqueous,,. isotania solution. it can be prepared in the
same manner as the solution of Example 5 above. E:ample _7. . The
antimicrobial activity of the solution of Example: containing 0.000S w/v %
of the aminabiguanide idend~ed above as Compound Nv. 1, was evaluated ~
elative tt~ three key microorgani$ms. The evaluation was conducted by
determining the extent to which the solution xeduced an initial
papulatis~t~ of about l4~/mL mioi~arganism$ over time. The results were as
follows: Micr~arganis~m Candfda albf~arr~ Serratia rnarcescerts
StaphloGO~aus at~reus ~.og,a Rcduetian at 6 hours . 3,9 3.7 Loggia
Reduct4an at Z4 bears 5i0 



. 4,9 . These results demonstrate that lthe aminobi8uanides of formula (1)
have patent 'antimiarabial activity. -14   ~ g ~u~s z Examale $ _~. . The
antimicrobial activity of the solution ~af Example 6: cantainitrg .a005 wlv
/o of Compound IrTa. l, was aisa evaiuatod using essentially the same
procedure ss those described in Example'1 above, The results were as
follows: Microa~r~;anism ~.'a I~IC~a alblCClx?s Serratia nrarcescerrs
Staphlacoact~t anreus LoglQ Reduetioa at b baurs '1.4 3.0 ~.4 Lagi~
xteductfoa at ~4 baur$ 4.$ 4.~ Tlxese results further demonstrate the
patent antimicrobial activity of the atninobiguanides of the present
invention. Exam Ip ~ 9 4 'fhe atttimicrobial $ctivity df Cactxpound Na. ~.
at a cc~ncentratic~a of O.OOQSwlv /o in water was also evaluated. The
results were as follows: lVfieroo~anism Candida albiaarrr Serratia
marcescens Sta~hylocQCCt~ aureus Lag~O Reduction at 6 hours 2.1 5.~ 4.i
Logl,O Reductiob st x4 hours 3.g 3.9 b.~ These results demonstrate that the
antimiorobiai activity of the solutions tested in Examples z.and ~ ~a~ave
is attributable to the aminobiguanide of the present invention (i.e.,
Compound No. i ), rather than other cornponents of the Solutions. - is  



A comparison of the activity of Carctgaund Na. 1 when cantaittcd in a
distilled water vehicie~ta~the~aativit~r o~Compound Na: l when co~ttainod
in buffered, isotonic solutions shows that the aminobiguanidcs of the
present invention retain their a,ntimicrobial activity when utilized in the
presence of sodium chloride ~.rtd other , excipients cammaniy contained in
pharmaceutical aotttpositio~ts. This retention of activity~,i~ appas~rtt
from a comparison of the aatimicrabial activity demonstrated,itt Examples 7
and $ with the arttimicrcrbial activity decrionstrated in Example .~- .   ~
~ ~ a ~ Zaaz The claims defining the invention are as follows: 1. A sterile
pharmaceutical composition fox disinfecting a contact lens, carriprising: a
compound of the following formula, in an amount effective to disinfect the
lens: R1 NH NH R3 Ra-N-X-NH--~-NH-~--.-N-R4 (I) wherein; R' is selected
from the group consisting of alkyl (Ci to Czc), aminaalkyl (C1 to C=o),
aryl, arylalkyl (C3 to Czo), atylo~cyalkyl (C3 to Coo) and cycloalkyl (C3
to Czo); Rz, R3 acid R~ are the Same or diffexent and are selected from the
group consisting of hydrogen, alkyl (C~ to Czo), aminaalkyl (Ci to Coo),
aryl, arylaikyl (C3 to Czo), arylaxyalkyl (C3 to C2o) and cycloalkyl (C3 to
C~a); and X is alkyl (Cz to C2a), optionally containing one or more
substituents selected tom the group consisting of cyclaailcyl (C3 to Czo),
aryl, arylalkyl (C~ to Czo) and aGtyla~cyalkyt (C~ to Cza), or a
phaamaceutically acceptable salt thereof; Gild an aqueous vehicle therefor.
A composition according to claim 1, wherein: R~ is selected from the gxaup
consisting of alkyl (C 1 to C2o), arninoalkyl (C~ to C~,o) grad cycloalkyl
(C3 to Cso); v Rz, R3 and R4 are selected fi~am the group consisting of
hydrogen, alltyl (C~ to Czo), arninoa11~y1 (CI to Cxo) and cyclaallcyl (C~
to Czo); and X is selected from the group consisting of alkyl (Ca to CTa)
and alkyl (Cz to Coo) substituted with cycloalkyl (C3 to Cza), 3. A
composition according to claim 1, wherein Rj is alkyl (Cc to Cao); Rx, R3
and R4 are selected from the gtoup consisting of hydrogen and alkyl (C~ to
Czo); and X is selected from the group consisting of alkyl (C~ to Cto) and
alkyl (C~ to Clo) substituted with aycloallcyl (C3 to C2o). 4. A
composition according to claim 1, wherein X is propyl) R1 is methyl, R~ is
dadecyl, R3 is hydrogen, and R4 is selected from the giraup consisting of
1,4dimethylpentyl, heptyl, decyl arid N-methyl-N-dadecyl amino propyl, 5. A
composition accardiag to claim 1, wherein R~ is methyl, Rz is dadeeyl, R~
is hydrogen, R4 15 1,4-dimethylpentyl and X is prapyl.~   19 J U ~l Z02 



18 6. A compagitian according to any one of claims 1 to 5, wherein the
composition is any aqueaua salu.tion and the concentration of said compound
in the composition is in the range of 0.00p1 to 0,1 wlv /o. 7. A compound
ofthe following forn~,ula; Ri H NH F~3 R2-N-X-NH---NH-~C-N-R4 (~ wherein:
R1 is selected from the group consisting of alkyl (Ct to Cxa), amit,oalkyl
(Ci to Czo) " and oy~cloxlkyl (C3 to C~a); k2,13 and R are the same or
different and are selected from the group consisting of hydrogen, alkyl (C1
to CZa), aminoalkyl (C~ to Coo) and cyclpalkyl (C~ to Czo); and X is
selected from the group consisting of alkyl (Cz to Cto) and alkyl (Cz to
Cio) substituted with cycloalkyl (C~ to Cao); or a pharmaceutically
acceptable salt thereof. 8. A compound according to claim 7, wherein R' is
alkyl (C1 to Cio), and R=) R~ and R4 are selected fmm the g~aup consisting
of hydrogen and alkyl (Cl to Czo). 9, A compound according to claitz~ 7,
wherein ~ is propyl, R~ is methyl, Rz is  dodecyl, 1t3 is hydrogen, and R
is selectEd from the group consisting of 1,4dimethylpentyl, heptyl, decyl
and N-methyl-N-dodeayl amino propyl. 1 U. A compound according to claim 7,
whorein R' is methyl, R= is dadecyl, R3 is hydrogen, R4 is
1,4-dimethylpantyl, and ~ is propyl. 1 Z , A method of disinfecting a
contact lens which comprises soaking the lens in an aqueous disinfecting
solution for a time sufficient to disinfect the lens, said solution
comprising; a compound of tire following formula, in an amouztt effective
to disinfect the lens: R~ ~NH ~VH Rs R~-N X NH-~-NH-~--N---1~4 (~ wherein:
Ri is selected from the group consisting of alkyl (C1 to Czo), amir~oalkyl
(G~ to Czo)a aryl, arylalkyl (C3 to C2o), ~'Ylaxyalkyl (C~ to Cxo) and
cycloa11~y1 (C~ to Cxo); 1~~, ~t3 and R4 are the same or different and are
selected from the group consisting of hydrogen, alkyl (Ci to Cza),
aminoalkyl (Cl to C~a), aryl, arylaZkyl (C3 to Cza), aryloxyalkyl (C3 to
C2o) and cycloalkyl (C~ to Czo); and   19 X is alkyl (C~ to Cza),
optionally containing one or mare substituents selected from the group
cansieting of cycloalkyl (C3 to Coo), aryl, arylalkyl (C3 to Czp) and
arylaxyalkyl (C3 t0 rr20), ar a pharmaceurically acceptable salt thereof;
and an aqueous vehicle therefor. 



X2. A method according to claim 11, wherein; R~ is selected from the group
consisting of alkyl (C~ to Czo), aminaalkyl (C, to Czn), and cycloa11~y1
(G~ to Coo); R', R' and R are selected from the group consisting of
hydrogen, alkyl (C, to Czo), amirioalkyl (C~ to Czo) and cycloalkyl (C3 to
Czo); and X is selected from the group consisting of alkyl (C2 to Ciu) and
alkyl (C2 to Clo) substituted with cycloalkyl (C3 to Cza); ax a
pharmaceutically acceptable salt thereof, 13. A method according to claim
12, wherein: 1~.~ i.s alkyl (C~ to ~Zo); Rz, R~ arid R4 are selected from
the group consisting of hydrogen and alkyl (CI to Czo); and X is selected
from the group consisting of alkyl (Cz to Cla) and alkyl (Cz to Clo)
substituted with cycloalkyl (~3 to Czo). 14. A method according to claim
12, wherein X is propyl, Rl is methyl, Rz is dodecyl, R3 is hydrogen, and
R4 is selected from the group consisting of 1,4-dimethylpentyl, heptyl,
docyl anal N-methyl-N-dodecyl amino prapyl. 15. A method according to claim
1 ~, wherein R' is methyl, Rz is dodecyl, R3 is hydrogen, R~ is
1,4-dimothylpentyl and X is prapyl. lb. A method according to any one of
claims 11 to 15, wherein the solution cantain$ one ar more compounds of
formula (I) at a concentration in the ,range of 0.0001 to 0,1 w/v %. 17. A
method according to claim 1 b, wherein the solut~an has an osmolality of
a2~ to 320 rnOsmlkg. 18. A pharmaceutical composition comprising a eompauad
of the following formula, in an amount effective to preserve the
composition from microbial contamination: NH H R3 Ra-N ~C NH-~-NH~-N-Ft4
wherein: R' is selected from the ~raup consisting of alkyl (C~ to Czo),
amirtaa11cy1 (C1 to C2o), aryl, axylalkyl (C3 to Cio), arylaxyalkyl (C~ to
~xa) and cycloalkyl (C3 to Czo);   ~ ~ ~ a ~ zoa2 R~,1~.3 and R4 are the
same ar different and are selected from tho group consisting of hydrogen,
alkyl (C1 to Czo), anunaalkyl (G~ to Czo), axyl, arylalkyl (C~ to CZa),
arylc~yalkyl (C~ to Cao) and cycloalkyl (C~ to Cao); and ~C is alkyl (~z to
Coo), optionally captaining one ar more substituents selected from the
group canaisting of cycloalkyl (C~ to CZO), aryl, arylalkyl (C~ to Coo) ~d
aryIoxyalkyI (~.`~ t0 30)r or a pharmaceutically acceptable salt thereof
19. A pharmaceutical composition according to claim 18, wherein; R~ is
selected from the group consisting of alkyl (C~ to C2o), aminoalkyl (C, to
Czo), and cycloalkyl (~~ to Coo): Ra, R~ and R4 are selected rom the group
consisting of hydrogen, a~Ikyl (Ci to Czo), amittoalkyl (Ci to Cao) and
cycloalkyl (C~ to Cxo); and X is selected from the group consisting of
alkyl (Ca to Cio) and alkyl (Cz to Coo) substituted with cycloalkyl (Ca to
Czo). 



20. A pharmaceutical composition according to claim 1~, wherein Ri is alkyl
(C1 to Coo), and Ra, R~ anal R4 are selected from the group consisting of
hydrogen and alkyl (~~ to C~so). 21. A) pharmaceutical composition
according to claim, 19, wherein X is propyl, RS is me#hyl, R2 is dodecyl,
R~ is hydrogen, and R4 is selected from the group consisting o#'
1,4-dimethylpentyl, heptyl, decyl and N-methyl-N-dndecyl amino propyl. 22.
A pharmaceutical composition according to claim 19, wherein R' is methyl)
Ra is dadecyl, R~ is hydrogen, R4 is 1,4-dimethylpentyl, and X is pxapyl.
23. A pharmaceutical composition accordung to any one of claim 18 to 22,
wherein the composition cantalns one or mars compounds of formula (I) at a
concentration of 0.4U001 to 0.01 w/v %. Z-0~. A pharmaceutical composition
according to claim 23, wherein the composition is an aqueous cphthalmlc
composition, 25. 'A pharmaceutical composition according to claim 24,
wherein the comgasition is utilized to treat contact lenses. 2G. A
pharmaceutical composition according to any one of claims 18 to 22, wherein
the composition is an ophthalmic composition. 27. A pharmaceutical
composition according to any one of claims 18 to 2~, wherein the
composition ig $n aqueous solution and is utilized to treat contact lenses,
28. A ph$nnaceutical composition according to any one of claims 18 to ~2,
wherein the ~ampasitian is an atic conxpasiticn.   ~ ~ ~ a ~ Q002 zl 29. A
pharmaceutical cornpasition according to any ane of claims 18 to 22,
wherein the composition is a dermatalogical campasitian. 30. A method of
preserving a pharmaceutical compositiaz~ fram microbial cantaminatian,
which comprises including a compound of the following formula in the
composition, in are amount effective to preserve the cax:nposition: 9 3
Ra-N-X-NH--~w NH-~H N-~4 (I) wherein: R~ is selected from tho group
consisting of alkyl (C1 to C2o), atninoalkyl (C1 to C2o), aryl,~arylalkyl
(C3 to C2o)) aryloxyalkyl (C~ to Cxo) and cycloalkyl (C3 to Caa); Ra, R~
arid R4 are the same or different and are selected from the group
cans9sting of hydrogen, alkyl (~~ to C~a), amitaaalkyl (Ct to CZo), aryl,
arylalkyl (~~ to Coo), arylaxyal>ryl (C3 to Coo) and cycloa11cy1 (C3 to
CZO); ~d X is alkyl (C~ to Czo), optionally containing one ar more
substituents selected from the group consisting of cycloalkyl (C3 to CZO),
aryl, arylalkyl (~~ to C2o) and aryloxyalkyl (C3 to ~a)~ ar a
pharmaceutically acceptable salt thereof. 31, A method of preaervixtg x
pharmaceutical corapositian according to claim 30, wherein: 



Rl is selected from the group consisting of alkyl (C~ to Czo), arninaalkyl
(C, to Cza) and cycloalkyl (Cj to C2o) Ra, R3 and R4 are the same or
different and ara selected from the gnat~p consisting, of hydrogen, alkyl
(C~ to C~a), aminoalkyl (C, to C2o), and cyvlaalkyl (C~ to Cio); and X is
selected from the group consisting of alkyl (Cz to CiQ) and alkyl (C~ to
C,a) substituted with cycloalkyl (C3 to C2o) 32. A method of preserving a
pharmaceutical composition according to claim 31, wherein R1 is alkyl (C~
to Coo), and R2, R3 and R4 are selected from the group caneisting
ofhydrogen acrd alkyl (Ci to CZO). 33, A method of preserving a
pharmacet~ticai compasitioz~ according to claim 31, wherein X is propyl, Rl
is methyl, R= is dodecyl, R3 is hydrogen, and R4 is selected from the group
consisting of 1,4~dimethylpentyl, heptyl, decyl and N-methyl-N-dodecyl
amino P~YI, 34. A method of preserving a pharnrraceutical composition
according to claim 31, vcrherein lt~ is methyl, R~ is dadecyl, R3 is
hydrogen, R4 is 1,4-ditnethylpentyl, and X is propyl.   ~ ~ ,~ a ~ ~o 22
35. A method according to any one of claims 30 and 34) wherein the
composition contains one or mare compounds of formula (x) at a
concentration of O.OQpfll to 0.01 wlw a/o. 36. A method according to claim
3S, wherein tk~e composition is an aqueous ophthalmic composition. 37. A
method according to claim 3b, wherein the composition is utilized to treat
contact lenses. 3$. A tnethad according to any one of claims 30 to 34,
wherein the composition is an ophthalinic composition. 39. A method
according to any one of claims 30 to 34, wherein the composition is an
aqu8ous solution and is utilized to treat contact lenses. 4p. A method
according to any one of claims 30 to 34, wherein the composition is an otic
coz~npositian. 41. A method according to any orre of claims 3d to 34,
wherein the eampasitiat~ is a dexmatological composition. 4Z. A sterile
pharmaceutical corrtposition as dEfined in any one of claims 1 to 6 when
used to disinfect a contact leu,s. 43, Use of a compat~nd of formula (~ ~
defined in any one of claims 7 to 10 far the preparation of a sterile
pharmaceuticaa composition for disinfecting a contact lens. .Ar.AUl.AL.A;
.AYR.AUL.Aly2.A5Y.AL0.A.A(L.An@.A.AY.A`,.A.A.A,.AY(yr.AL.A9hs.Ay.A[9R.AY{TV
dq&xha j o     
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