WD 01/ 74279 PCT/ US01/ 10699 - 1 TOPICAL COVPCOSI TI ONS CONTAI NI NG
PROSTAGLANDI N E1 Cross-Refernece to Rel ated application This application
is a COﬂt“@Hﬁ}f?ﬁ in-part of U S. Serial No. 08/964, 509 ﬁghﬁgmg@mgpvenber
5, 1997, now U. S. ‘Patent No. 6, 046, 244. Technical Field of the

| nventi on ThIS invention relates to pharnaceutical conpositions for
transdermal administration of prostaglandin drugs to a patient. 10
Background of the Invention Prostaglandin E1 is a derivative of prostanoic
acid, a 20-carbon atomlipid acid, represented by the fornmula: 0 15 cooH
H6 bH 20 and is comrercially avallabLel e.g., fromChinoin Pharmaceutica
and Chem cal Works Ltd. (Budapest, Hungary) under the designation

"Al prostadil USP" and fron1The Upj ohn Conpany (Kal amazoo, M chi gan) under
the designati dEOP AL PONPr QN BAT NG NnPRISTAGRANBSNAE] at or usefu
to maintaigyonen bl ae Iecveests@' ﬂ@e&@&%ﬁ?&aﬁ:;é&’ treat peripheral
vascul ar di'sease anobng other all nents potential benefits from
t ransder nal deIivery'ﬁ?ls[ﬁﬂﬁﬁ%&ﬂ?ﬂﬂﬁriﬂﬂafﬂﬂﬂ?lﬂﬂﬁfiﬂ&ﬁﬂﬂfﬂ&ﬁﬁnQﬁd prior

30 ef f ort;mts ges@l@pl ng a ds),me?@lswrmt%& :CQ{‘ I\fﬁemﬂgf)% a%g?&fi't lﬂ delivery
have nnot been y particul ar ere is presently no
comer ci al rb(ﬂjrtgeé OPS‘EH%? E\f%’al S 45 i d forrrul ation that is useful

wi thout a Stemimidaig Rieid e udie danwent3ompat ch, adhesive strip, and the

like. For exanple, Umgg; WQ Q174270 RGT/ L Ssolzol%%armaceutlcal

compositions for transdermal administration of

&

prostaglandin drugs to a patient.

10 Background of the Invention

Prostaglandin E; is a derivative of prostanoic
acid, a 20-carbon atom lipid acid, represented by the

formula:
o}
15 COOH
: /
& b
20 and is commercially available, e.g., from Chinoin

Pharmaceutical and Chemical Works Ltd. (Budapest,
Hungary) under the designation "Alprostadil USP" and
from The Upjohn Company (Kalamazoo, Michigan) under the
designation "Prostin VR."

25 Prostaglandin E; is a vasodilator useful to
maintain open blood vessels and therefore, to treat
peripheral vascular disease among other ailments. While
the potential benefits from transdermal delivery of
prostaglandin E, have long been recognized, prior

30 efforts at developing a topical composition for
prostaglandin delivery have not been fully successful.

In particular, there is presently no
commercial source for a topical semi-solid formulation
that is useful without a supporting device such as a
35 patch, adhesive strip, and the like. For example, U.S.



- 2 Patent No. 5,380,760 to Wendel et al. is directed to

a topical

prostaglandin forrmul ation that includes a pressure-sensitive, adhesive
sheet of ReJuigeRuUtyl ene. Working al one nost drugs, prostgElddhRoRe
formul ati ons 1 ncluded, do not sufficiently perneate the skin to provide
drug concentration | evels conparable to those obtained from other drug
delivery routes. To overcone this problem topical drug formul ations
typically include a skin penetration enhancer. Skin 10 penetration
enhancers also may be referred to as absorption enhancers, accel erants,
adj uvants, solubilizers, sorption pronpters, etc. Wiatever the nane, such

agents serve to inprove drug absorption across the skin.
enhancers not only 15 increase drug flux across the skin,

| deal penetrati

on

but do so mﬁthout
irritating, Peersid iNG NG, 3W0 ,dERFNFesi. drurdihernmrg redtdeal-penet rati on

cream or gel),

h houl.d. not_affect available .d forms (e.q
oSt o quatHy Y PRI COREA" domTBaion. B0 A WS AR oty of

conpounds haresseere - s idived  asihtem itveeishesftf edt ipedndsobutvdrmanci ng t he

or

rate of penetration ofygnus %ﬁro%‘égqﬁat%hﬁg?ﬁgﬁ} %ﬁ%s&%&rlgrﬁ%;ﬁ%”ﬂ eiE. (eds.),

Per cut aneous Penetrati on Enhancers,

CRC PPess, Hemulpddemmatigielumdy. do npgosulfimicmtdor weyseaie dde and
testing of gkam aus pdvi ReBIALERR SIANGRS 1 A0 BiwwddHdik & al .,

Chem cal Means of Transde I uqg Pernpeation , Enhancenent in Transderma
and Topi cal %I‘B‘i?& I%itla\zl@r%?{ r%%‘l or &FIW FRIVE S¥taR-R TOvum S. 1.
(Eds.), 30 lovtearquhver miressrdoien, Buffialad Qrave,fdrmul 998 . A fully

successful f tai far rostadl andi n _E1l .has not yet be
Unf or t unat el ,pTﬁgrags]tyg&nachdlldr‘?o E1 S|ksl%r égae&’ieltfatltrlé)ﬁlsfed'\?}?é’é:eﬁy r &5 Pangerment  and

ddentified.

ot hedOr eact icemetrEfiion ardtanogers also may be referred to as

absorption enhancers, accelerants, adjuvants,

solubilizers, sorption promocters, etc. Whatever the

name, such agents serve to improve drug absorption

across the skin. Ideal penetration enhancers not only

15 increase drug flux across the skin, but do so without

irritating, sensitizing, or damaging skin. Furthermore,

ideal penetration enhancers should not affect available

dosage forms (e.g. cream or gel), or cosmetic quality of

the topical composgition.

20 A wide variety of compounds have been

evaluated as to their effectiveness in enhancing the

rate of penetration of drugs through the skin.

See, for

example, Percutaneous Penetration Enhancers, Maibach H.
I. and Smith H. E. (eds.), CRC Press, Inc., Boca Raton,
25 F.L. (1995), which surveys the use and testing of

various skin penetration enhancers, and Buyliktimkin et

al., Chemical Means of Transdermal Drug Permeation

Enhancement in Transdermal and Topical Drug Delivery
Systems , Gosh T.K., Pfister W.R., Yum S.I. (Eds.),
30 Interpharm Press Inc., Buffalo Grove, I.L. (1997).

A fully successful formulation for
prostaglandin E, has not yet been identified.

Unfortunately, prostaglandin E; is readily transformed

by rearrangement and other reactions. This relative



WO 01/ 74279 PCT/US01/10699 - 3 instability tends to conplicate efforts at
formulating conposition for transdermal delivery. The present invention
addr esseswig\@g@#r obl ens by providing a sem -solid, separgti@ihkddstant 5
conposition for relatively rapid, sustained delivery of prostaglandin EL.
Summary of the Invention A pharmaceutical conposition suitable for topical
application conprises prostaglandin E1, a 10 penetrati on enhancer, a

pol ysaccharide gum a lipophilic conpound, and an acidic buffer system
The penetration enhancer can be an al kyl -2-(substituted am no)-al kanoat e
ester, a (substituted am no)-al kanol al kanoate, a m xture of these, or an
acid addition salt thereof. The 15 acid can be organic or inorganic. The

| i pophilic conmpound may be an aliphatic ClL to C8 alcohol, an aliphatic C8
to C30 esterind¥ard I Ltreehd)sf 5&%@*&%@%@ Ut aﬂ%lnHﬂec&l %buffer

system capabl e of |, rOVI gia buffered pH value for s conposition in 20
t he range of“4B&IR: rapspeqiely8G L id@TY st abi | i zers and enul sifiers

may be incl uded. CbntMﬁHtpﬁHEEnﬁ ﬂdv&nth&ﬁﬁm&iiﬂééﬁﬁd<Hhé§ﬁl§ﬁ8ﬁiéh&£ ror”1
of a sem -sgq| I.tabl e for topical t.ion. as a topica
agent , thesg)yl %Iiogrr%p%sl}gh e b Jfrhlrger?lpﬁ gl andi n _
penetﬁatlon<%wnPQﬂkkﬂQnIﬁﬂrlna%aQMdeMnrapﬂﬂnrsuq}alnemashfﬁnﬂenyveﬁioadlng
prost agl andif}- QAN AL{ g The conposition further exhibit reduced skin
irritation, l:ﬁ‘sensmlwty aﬁd damage. 30 Qther and further ains, purposes,
features, NERAGSE ehedVRIRIOMNd the |ike will be apparent to those

skilled in the art frmﬁﬂwfﬁ@aﬂbaﬂp%ﬂpﬁtﬂl@h ANd A aepended cl ai ms.

topical application comprises prostaglandin E,, a

10 penetration enhancer, a polysaccharide gum, a lipophilic
compound, and an acidic buffer system. The penetration
enhancer can be an alkyl-2-(substituted amino)-alkanoate
ester, a (substituted amino) -alkanol alkanoate, a
mixture of these, or an acid addition salt thereof. The

15 acid can be organic or inorganic. The lipophilic
compound may be an aliphatic C; to Cy alcohol, an
aliphatic Cy to C3y ester, or a mixture of these. The
composition includes a buffer system capable of
providing a buffered pH value for said composition in

20 the range of about 3 to about 7.4. If desired,
stabilizers and emulsifiers may be included.

Compositions of the present invention can take
the form of a semi-solid suitable for topical
application. 1In use as a topical agent, these

25 compositions exhibit relatively high prostaglandin
penetration and biocavailability without requiring a
wasteful overloading prostaglandin concentration. The
composition further exhibit reduced skin irritation,
sensitivity and damage.

30 ‘ Other and further aims, purposes, features,
advantages, embodiments and the like will be apparent to
those skilled in the art from the present specification
and the appended claims.



WO 01/ 74279 PCT/ US01/10699 4 Brief Description of the Drawings In the
drawings, FIGURE 1 is a graph of the cunul ative prostaglandin El
penetrati @iy f1yPgh shed snake skin of 5 seven prostagl angifydedioee9
conposi tions prepared according to the present invention; FIGURE 2 is a
conparison graph of the cunulative prostaglandin E1 penetration through
shed snake skin of two prostaglandin E1 conpositions prepared 10 according
to the present invention and two conparative conpositions; FIGURE 3 is an
infrared spectrumof a sanple of a crystalline hydrochloric acid addition
salt of DDAIP (DDAIPHC ) dispersed in mneral oil; and 15 FIGURE 4 is an
infrared spectrumof a sanple of a crystalline sulfuric acid addition salt
of DDAIP (DDAl PHZSO4) d| spersed in nmneral oil. Detailed Description of
the | nventi GriEf O sl on oo 3161 dimys of the present 20 invention
conpri ses prostagl andlﬂ1 Ft# dd| tion salt of an alkyl (substituted
am no) ester, a polysaccharide gu a | i pophilic conmpound, and an acid

buf fer system Prostadl &8t FELS & wBIapkk hep quBEe257aski |l ed in the

art. Referenpaedmyyadiad Eopéaét%%lohl t8-aldhe shehekenges «keh LS
phar rrgcol 0gi cal activities, side effects, ,and nornmal dosage ranges. See

for exampl e SFis |p6qQac‘?Fasgllﬁé%dK”R§fleF8W8851§E§PSEHI‘3P§9“9?1) acPREAMBECK | ndex,
12t h Ed. l\/ﬁrcck:k& Qrgsdhit]. 1maﬁ1t(11996) and Martindal e The Extra

Phar rracopoei a, 28th I_:Pdﬁ The Phar.maceut.i c ﬂl %e%z (1982).

Prostagl andin E1 as well as o her corrp Uhds® Yefsr e Tein are intended

t 0o enconpasspharrdcsutitzdtiaglandin E; penetration through shed :
snake skin of two prostaglandin E; compositions prepared

10 aécording to the present invention and two comparative

compositions;
FIGURE 3 is an infrared spectrum of a sample

of a crystalline hydrochloric acid addition salt of
DDAIP (DDAIP-HCl) dispersed in mineral oil; and

15 FIGURE 4 is an infrared spectrum of a sample
of a crystalline sulfuric acid addition salt of DDAIP
(DDAIP'H,S0,) dispersed in mineral oil.

Detailed Description of the Invention

The pharmaceutical composition of the present

20 invention comprises prostaglandin E,, an acid addition
salt of an alkyl (substituted amino) ester, a
polysaccharide gum, a lipophilic compound, and an acid
buffer system.

Prostaglandin E; is well known to those

25 skilled in the art. Reference may be had to various
literature references for its pharmacological
activities, side effects, and normal dosage ranges. See
for example, Physician's Desk Reference, 51lst Ed.
(1997), The Merck Index, 12th Ed., Merck & Co., N.J.

30 (1996), and Martindale The Extra Pharmacopoeia, 28th
Ed., London, The Pharmaceutical Press (1982).
Prostaglandin E, as well as other compounds referenced
herein are intended to encompass pharmaceutically
acceptable derivatives including physiologically

35 compatible salts and ester derivatives thereof.



accept abl e derivatives including physiologically 35 conpatible salts and
ester derivatives thereof. WO 01/74279 PCT/USO01/ 10699 5 The quantity of

prost agl aRgy /9l N the pharmaceutical conpositions of trﬁnﬂﬁ%%ggg”
invention is a therapeutically effective anmount” and necessarily varies

according to the desired dose, the dosage form5 (e.g., suppository or
topical), and the particular form of prostaglandin E1l used. The
conposition generally contains between 0.1 percent to 1 percent
prostaglandin E1, preferably fromO0.3 percent to 0.5 percent, based on
the total weight of the conposition. 10sAn inportant conponent of the
present invention is the penetration enhancer. Al kyl-2-(substituted
am no) - al kanoat es suitabl e as penetration enhancers for purposes of the
present invention can e represent eskf asrdaldwaidikd 5316 HhR 11,

H3C- (CH2 n- - - R4 -R . wher ei i s an integer having a value in
t he range ofp%az%qlgu%éﬂfjt%galab%%%tjﬁer}ss Oanf %ehrﬁ)é)rreo%er% rb‘?ed’&plorgolr?si sting
of hydrogena ChampmEutaldadly eifadt fard anphery|gndRnearbsRecidne menbers of
the group cepsiisdd neArapgnegemantt Ll-d 9 dds81 pile |£}%§%§t% R4 are

menbers of 25 the group cpn5|st|nq:oﬁ hydrogen, nethyl a
Prefefred peffetdat iBRRITHARISF Lo e yemiich they paniicdlpr form
al kyl - 2- (N, N-digstasddd et ram, nakedal k&-‘g@a'&:@ﬁlp&é(ilﬁi@ﬁl g(élnetr@.lgf& al kyl
(N, N-di subst t ut ed m.no) - tates and C9- to Cl8-a :
(N N di substPLVE S SR oo g Ot - e s FAT A AR 2- (N, 1
di substi t ut éd, apiredprablkanbabes Oi. Acbedeecdtdecy D . B- pNrNent, based on -
di met hyl am ng)s HrRd PRA£HIOXY Re composition.
10 An important component of the present
invention is the penetration enhancer.
Alkyl-2-(substituted amino) -alkanoates
suitable as penetration enhancers for purposes of the
present invention can be represented as follows:

15 Ry 0 H R,
Hsc_@gﬁ_i_o_u_i_r\l/
£4 & \\Rz

20 wherein n is an integer having a value in the range of
about 4 to about 18; R is a member of the group
consisting of hydrogen, C, to C; alkyl, benzyl and
phenyl; R, and R, are members of the group consisting of
hydrogen and C; to C, alkyl; and R; and R, are members of

25 the group consisting of hydrogen, methyl and ethyl.

) Preferred penetration enhancers of this
general type are the alkyl-2-(N,N-disubstituted amino) -
alkanoates such ag C,- to Cm—alkyl (N,N-disubstituted
amino) ~acetates and C;- to Cjg-alkyl (N,N-disubstituted

30 amino) -propionates. Exemplary specific alkyl-2-(N,N-
disubstituted amino)-alkanocates include dodecyl 2- (N,N

dimethylamino) -propionate (DDAIP);



WO 01/ 74279 PCT/US01/10699 6 HO HII CH3 H3CG[CH110- -OCGCGN H3
\CH3 5 and dodecyl 2-(N, N-di net hyl am no)-acetate (DDAA); H O H CH3

H3C- [ CH2] or7iddl =1 1. :-LN __ \CH3 10 Al kyl-2-(substit ut®e /yse1/10699

am no) - al kanoat es ‘are known. For exanple, dodecyl 2-(N, N-di nethylam no)-
propi onate (DDAIP) is available from Steroids, Ltd. (Chicago, IL). In
addition, alkyl-2-(N, N-di substituted am no)-al kanoates can be synt hesi zed
fromnore readily 15 avail abl e conpounds as described in U S. Patent No.
4,980,378 to Wng et al., which is incorporated herein by reference to the
extent that it is not inconsistent. Ascdescribed therein,

al kyl -2- (N, N-di substituted am no)- al kanoates are readily prepared via a
two-step 20 synthesis. In the first step, long chain alkyl chloroacetates
are prepared by reaction of the cor r-espondi ng long chain al kanols with

chl oronmet hyl chl orof ormate or tHe 1i k& iff the Rl esence of an appropriate
base such as triethyl gg ne,,typi aI ally i n 25 _sli‘t abl e sol vent such as
chloroform The reaction can be depi cted as f\QIIovvs RIBOIH

H3C-[CHZ] ~CIS-OH + O -CCC 30HR3 0 IH dkiIR1. O0-CcCca ", |
wherein R, R3, R4 and n are defined as above The reaction tenperature my
be sePect ed adosicsissvtl POCGN b dimethylamino) -acetate (DDAA) ;

H o H
mer__l__o__u__l
)

¢

HaC

//

10 Alkyl-2-(substituted amino)-alkanoates are
known. For example, dodecyl 2-(N,N-dimethylamino) -
propionate (DDAIP) is available from Steroids, Ltd.
(Chicago, IL). In addition, alkyl-2-(N,N-disubstituted
amino) -alkanoates can be synthesized from more readily

15 avallable compounds as described in U.S. Patent No.
4,980,378 to Wong et al., which is incorporated herein
by reference to the extent that it is not inconsistent.
As described therein, alkyl-2-(N,N-disubstituted amino) -
alkanoates are readily prepared via a two-step

20 synthesis. 1In the first step, long chain alkyl
chloroacetates are prepared by reaction of the
corresponding long chain alkanols with chloromethyl
chloroformate or the like in the presence of an
appropriate base such as triethylamine, typically in a

25 suitable solvent such as chloroform. The reaction can
be depicted as follows:

Ry o} H
Hac—_[cHz],,_l_OH + C|__;u_l_c1 —
30 R o

HyCoel[CHly J~ o “ I_
!

4

wherein R, R;, R, and n are defined as above. The
reaction temperature may be selected from about 10°C. to -

35 about 200°C. or reflux, with room temperature being



35 about 200C. or reflux, wth roomtenperature being WO 01/ 74279
PCT/ US01/ 10699 7 preferred. The use of a solvent is optional. If a

sol vent i §oHafd279@ W de variety of organic solvents may Be15&di§5606-

Choice of a base is |ikewise not critical. Preferred bases include
tertiary amnes such as 5 triethylamne, pyridine and the |Iike. Reaction
time generally extends from about one hour to three days. |In the second

step, the long chain alkyl chloroacetate is condensed with an appropriate
am ne according to the schene: 10 RBO H H3C[CHz]~-CGOCCC + HNR R2
1, RBOH HICG[CH1__ L.-CGC-NR R2-15 wherein n, R Rl, R2, R3 and R4
are defined as before. Excess amne reactant is typically used as the base
and the reaction is conveniently conducted in a suitable solvent such as
et her. Thi s medomtest ep T pref evfald ywollvemtatia agrhitcengler atlff &  al t hough
tenperature Vi actiongti -qﬁgal i.es, from ahout qne hour
to several sggg/(fseWCOlnsvé%%’na_ “gllr}irélfi catl ncgt%c\{t?#adﬁé:s é(’:ogLrYen%és énpaﬁfi ed to
ready the ré&sulsslnytester Fmias el m Pagshardddavics wonpourid.caSui t abl e

substi t ut ed M-k anle Al kANQAIL e r 2Ry Gmidd¥ SRS ifdted ami no)- and
(N, N-di substi t,uett%d anm , no) - al kanol al kanoates, can be represented by the
I’:F]@';

foi hdla : Reming Ryrighng and ¢he dikee NRepoFion Hims R8 R2 n y

generally extends from about one hour to three days.

In the second step, the long chain alkyl
chloroacetate is condensed with an appropriate amine
according to the scheme:

10 Ry o] H
Hac_[cHZ],,—_l__o__u___l_u ¥ OHNRR; g

4

Ry 0
Hac—[cHZ],,—j:_o—_u-——-l-—_NR.Rz

15 wherein n, R, R;, R,, R; and R, are defined as before.
Excess amine reactant is typically used as the base and
the reaction is conveniently conducted in a suitable
solvent such as ether. This second step is preferably
run at room temperature, although temperature may vary.

20 Reaction time usually varies from about one hour to
several days. Conventional purification techniques can
be applied to ready the resulting ester for use in a
pharmaceutical compound.

. Suitable substituted amino alkanol alkanoateé,

25 i.e., (N-substituted amino)- and (N,N-disubstituted

amino) -~alkanol alkanoates, can be represented by the

fof%ula:
i

¥ o — e —

Rs, Rs | Ry

0 5
30 HSC_-J: u_o_ ——-l——N/ :

W RIL




WO 01/ 74279 PCT/US01/10699 8 wherein n is an integer having a value in
the range of about 5 to about 18; y is an integer having a value in the

range of Qd@aapeut 5 and R, R2, R3, R4, R5, R6, and RYPqu/@SO@ﬁé@grs of
the group consisting of hydrogen, C1 5 to C8 alkyl, and C1 to C8 aryl; and

R8 is a nmenber of the group consisting of hydrogen hydroxyl, Cl to 08
alkyl, and Cl to C8 aryl. Preferred (N, N-di substituted am no)-al kanol
al kanoates are C5 to C18 carboxylic acid esters. 10 Exenplary specific
(N, N-di substituted am no)-al kanol al kanoat es i ncl ude

1- (N, N-di met hyl am no) - 2- propanol dodecgnoate (DAIPD); OHH 15 | CHs
H3C- [ CH21l1lo- -O -GN L3 H\CH3 1-(N, N-di net hyl am no) - 2- pr opanol
nyristate (DAIPM; OHH20 CH H3C[CH2112--O---N~ s | \CHSCHS

1- (N, N- di rremﬁlr@mnn@]) 1%- @rzpaaﬁﬁgell eatve PA RAQtue @rH tilel rhrfdd
H3C- [ CH217- _; Qgt L3Thef0 %mgcg N-.substi t ted amno)
and(N, N di ?&8& uted afrﬁ o)l Ransi ) Vemrged?'dl‘ﬁliuﬁ) Bt epared by

reacti ng t heéheomeesporndi My tamaigaltkdnoland tR, Raurkyl Rghl Ry,i &g, i anthe
presence of gt rieLhyLARLAE: of the group consisting of hydrogen, C,

5 to Cy alkyl, and C; to G aryl} and Ry is a member of the
group consisting of hydrogen, hydroxyl, C, to Cy alkyl,
and C;, to Cy aryl.

Preferred (N,N-disubstituted amino) -alkanol
alkanoates are Cy; to C;3 carboxylic acid esters.
10 Exemplary specific (N,N-disubstituted amino)-alkanol
' alkanoates include 1- (N,N-dimethylamino)-2-propanol
dodecanoate (DAIPD) ;

@] H H
15 u l CHs
HaC——[CHlg—— E—— O — e C N7
l | New,

- (N,N-dimethylamino) -2-propanol myristate (DAIPM) ;

o) H H
20 u : l CH
HyC——[CHs}p—— G OGN~
R
- (N, N-dimethylamino) -2-propanol oleate (DAIPO) ;
o) H H
25 u l CHy
HyC——I[CHl; O b
l I \CHa
The foregoing (N-substituted amino)- and(N,N-
disubstituted amino)-alkanol alkanoates are readily
30 prepared by reacting the corresponding aminoalkanol with

lauroyl chloride in the presence of triethylamine. A
solvent such as chloroform is optional but preferred.
For example, 1—(N,NQdimethylamino)—2—propanol can be

reacted with lauroyl chloride in chloroform and in the



sol vent such as chloroformis optional but preferred. For exanple,

1- (N, N-di net hyl am no) - 2- propanol can be reacted with |auroyl chlori
chl or of or YiANH4473 the WO 01/ 74279 PCT/ US01/ 10699 9 pres Dfi/10699
triethylamne to form 1- (N, N-di net hyl am no)- 2-propanol dodecanoate -

(DAIPD). Acid addition salts of the aforenentioned al kanoat es,

dodecyl 2-(N, N-di net hyl am no) 5 propionate (DDAIP), can be inorganic

wel | as organic.

hydrochl ori ¢, hydrobrom c, sulfuric, phosphoric, nitric acid additi
salts, and their solvates. Exenplary organic acid addition salts inc
acetic, benzoic, 10 salicylic, glycoli¢€, succinic, nicotinic, tartaric,
mal ei ¢, malic, panpic, mnethanesul fonic, cyclohexanesul fam c, picric,

| actic acid
penetration

ennancer I'S "an acl a ionsa

de in

such as

as

Representative inorganic acid addition salts include the

on
| ude

and

PERRERES) i oieiaa e, ¥ ol o TR AR R Socnt

by the forma-@roRem®lHdrdedarnoate HIBIRDIH2)n -O- GG N H X R4 k \R2 20

wherein n is an integel.iRAURG & JRldE ddh Jihe HAn
18; Ris selected fromthe group. consistin f_h

benzyl and

consi sting
addition sa

y

t o about
Qg;féfmexﬁ_l?%}{ltetdg C7 al kyl,

0 rogen,
IrERFRC R AT IR a0 ATyl e st RS TGRS st g of
hydrogen angrChildhaEe alonLpP)R3 cnl H4 iafa-geliected w28 If remdhetroup

G B i O S

by the for miya@roc30.d®3d) REyROEIMIC C-<DlUfutik], whdsbhoric, nitric

10

15

20

25

30

acid addition salts, and their solvates. Exemplary
organic acid addition salts include acetic, benzoic,
galicylic, glycolic, succinic, nicotinic, tartaric,
maleic, malic, pamoic, methanesulfonic,
cyclohexanesulfamic, picric, and lactic acid addition
salts, as well as their resgpective solvates.

A skin penetration enhancer which is an acid
addition salt can be represented by the formula:

R, H

0 R,
H3C—(CH2)H—(L—O——-Q— . HY

3 L

wherein n is an integer having a value in the range of
about 4 to about 18; R is selected from the group
consisting of hydrogen, C; to C; alkyl, benzyl and
phenyl; R; and R, are selected from the group consisting
of hydrogen and C, to C; alkyl; R; and R, are selected
from the group consisting of hydrogen, methyl and ethyl;
and HX is an acid.

Other acid addition salts suitable as skin

penetration enhancers can be represented by the formula:

Rs | Ry

0 R,
/
HaC—r- ——u—o-—l_- —-—-N\ . HX

S

acid
ent ed



\ 4 RRR2 6 8nY W O01/74279 PCT/US01/10699 10 wherein n is an
i nteger having a value in the range of about 5 to about 18; y is an
i nt eger heno @amoval ue in the range of 0 to about 5; and plyudszioeded, R4,
R5," R6, and R7 are selected fromthe group consisting of hydrogen, 5 Cl to
CB alkyl, and C1 to C8 aryl; R8 is selected fromthe group consisting of
hydr ogen, hydroxyl, Cl to C8 alkyl, and Cl to C8 aryl; and HX is an acid.
Preferred anong the inorganic acid addition salts are DDAl P hydrogen
chloride, 10 H OH CH3H3C- ICH2I 1a- -OI LN 15 HL \CH3 HC, 3 and DDAIP
di hydrogen sulfate, 20 Ho H 11 CH3_ HaC. CH2170- -OCG -N 251 \CH3
H2SO4. As stated hereinabove, al kyl-2-(N, N disubstituted
am no) - al kanoat es such as DDAIP can be 30 synthesized fromreadily
avai | abl e syaetng MBLE 23 SMegcdeItRiiPedal Fallus iRatent MNege4 380, 378 to
wng et al. L}n %hs first step, long chain %I gyl al ggenoacet ates are
prepared by2PE4¢t PofrCof ¢t &spEndPng t6HG Lc HAVAT 9a Pk YAGHE Wit h
hal ogenonet hite lrahogend§ or nat edot the adb R keRj,n R;herpr esenge, odndan
appropriatejb S teleth 1.nhe,. .  typi ly In I sol vent
Stch ms chRorSrar R tareRoR i Pheeshu, YonEunng o AL,

5 C, to Cy alkyl, and C, to Cy aryl; Ry is selected from the

group consisting of hydrogen, hydroxyl, C; to Cg alkyl,
and C; to Cg aryl; and HX is an acid.
Preferred among the inorganic acid addition

salts are DDAIP hydrogen chloride,
H

o} H
HyC——[CH sjg——C —O——C——C—N

15 l l Nai, @ HCI,

H

and DDAIP dihydrogen sulfate,

20 “
HaG——I[CH 2l1o l__o__c—— —n
25 | J, New, ® H,S0,.

As stated hefeinabove, alkyl-2-(N,N-

disubstituted amino)-alkanoateg such as DDAIP can be

30 synthesized from readily available starting materials as
described in U.S. Patent No. 4,980,378 to Wong et al.
In the first step, long chain alkyl halogenoacetates are
prepared by reaction of the corresponding long chain
aikanols with halogenomethyl halogenoformates oxr the

35 like in the presence of arn appropriate base such as
triethylamine, typically in a suitable solvent such as
chloroform. For DDAIP, this reaction can be depicted as
follows:



follows: WO 01/74279 PCT/US01/10699 - 11 HOI IH Il 1 H3C H210 IC OH +

XCCXI I HCH3 H OHX=4d0d, Br HBC ~CH2)10 CO Il I X | H CH3 The
reacti on {fyoqenusiure may be sel ected from about 100 Cel sipgg/tdradgput 200
Cel sius or reflux, with room tenperature being preferred. The use of a
solvent is 5 optional. If a solvent is used, a wide variety of organic
sol vents may be selected. Choice of a base is |ikew se not critical.
Preferred bases include tertiary amnes such as triethylanmine, pyridine
and the like. Reaction tinme generally extends from about one hour to 10
three days. In the second step, the al kyl substituted hal ogenoacetate is

condensed with an appropriate amne according to the schenme: | /CH3 H3C
[CH2ko --COCCI X+ NN CH3 HRHOHX=0d, Br | I I /CH3 H3C [CH,
100 COCCNHI \ | CH3y 15 H CH3 0 H
HiC—Hy[g—C—OH  +  x—c cI: X -
H . CH,
T ﬁ T X=Cl, Br
HsC—CH, |7 cl‘, 0—cC cI: X
H CH,

The reaction temperature may be selected from about 10°
Celgius to about 200° Celsius or reflux, with room
temperature being preferred. The use of a solvent is

5 optional. If a solvent is used, a wide variety of
organic solvents may be selected. Choice of a base is
likewise not critical. Preferred bases include tertiary
amines such as triethylamine, pyridine and the like.
Reaction time generally extends from about one hour to

10 three days.
In the second step, the alkyl substituted

halogenoacetate is condensed with an appropriate amine
according to the scheme: ‘

1]
HaC {CHZ]BO C—0—C——C——X +  NH >

T
H 0 H X=C|, Br
| | o

HaC——{CH,| 5—C——0—C——C——NH

| | oty
H CH,

15



WO 01/ 74279 PCT/USO01/ 10699 - 12 Excess amine reactant is typically used
as the base and the reaction is conveniently conducted in a suitable

sol vent syepids.Bther. This second step is preferably rup@tiydo?R6Beo
tenperature, although tenperature may vary. 5 Reaction tinme usually varies
from about one hour to several days. An alternate and preferred approach
to synthesizing DDAIP is the transesterification of ethyl

2- (N, N-di net hyl am no) - propi onate. Ethyl 2-(N, N 10 di et hyl am no) - pr opi onat e
can be prepared by reacting comercially available ethyl 2-bronopropionate
with dinmethylamne followed by distillgfion to separate unreacted

hal ogenat ed conpounds. To trigger the transesterification, the ethyl 15
27(N, N-di net hyl am no) - propi onate is heated in the presence of 1-dodecanol
and a basi c Rxtansesireind | addiant cad alySicSUGH ase$ o umdaeihaxi ey O her

sui t abl e basj,c ransesterification catalyst re.n-butyl |ithium

pot assi um cj%lrﬁ e and’ 't e I?%Ye%%a]% ‘}s/?ﬁi%%eedé?taf aFiseARYS fi cation
catal ysts @@ witdswitrasthdf urithiaciskcqrd dugnel subfefdabigi d, and
the like. St rtﬁé}ﬁ%{ i.f1cat+ t hat can be used are
boron tri brC)Ilr}inea,q_:t [}ﬁorr.it yl'si aet{dllféo’diaatdle%urﬁrre%aﬁésﬁs %}lua? otine’*af um num
25 oxide, t ISPy dpyre tug e, Vaipi et U o sileweds o itaini g
tert-butanolsaand-qotassd um tertiary butoxide, Gignard reagents, porcine
pancreatic |ipase, pig liver esterase, horse liver esterase (with solid

support), chynotrypsi m? FHhEMaLTs b RyRiamed RS 119 30
trifluoroacetyattetheiad iradi DDN(1B )i s hl0s ideind@scaryf{idacidcatate gt h

ri fltor o adet Ara I bR ts SroR A i 2 e, 02 [ THTED)
X- Sn@é- Bu) 2- @i 1Bu) iOH, praviieren té icara Yrlmggared by reacting
commercially available ethyl 2-bromopropionate with
dimethylamine followed by distillation to separate
unreacted halogenated compounds.
To trigger the transesterification, the ethyl

15 2-(N,N-dimethylamino) -propionate is heated in the
presence of l-dodecanol and a basic transesterification
catalyst such as sodium methoxide. Other suitable basic
transesterification catalysts are n-butyl lithium,
potassium cyanide, and the like.

20 Also suitable as transesterification catalysts
are acids such as sulfuric acid, p-toluene sulfuric
acid, and the like. Still other transesterification
catalysts that can be used are boron tribromide,
trimethylsilyl iodide, trimethylsilyl iodine, aluminum

25 oxide, tetraisopropyl titanate, molecular sieves
containing tert-butanol and potassium tertiary butoxide,
Grignard reagents, porcine pancreatic lipase, pig liver
esterase, horse liver esterase (with solid support), -
chymotrypsin, silver trifluoroacetate, mercury (II)

30 trifluoroacetate, palladium(II) chloride, mercury (II)
acetate with sulfuric acid, mercury(II) chloride
(cadmium carbonate), thallium(II) trifluoro acetate, and
compounds of the formula X-Sn(n-Bu),-0-Sn(n-Bu),-OH,
where X is a halogen.

35



35 WD 01/ 74279 PCT/USO01/10699 - 13 A representative reaction schene
follows: CH3CH2-O CO HC(CH3)-N(CH3)2 + CH3-(CH2)11- OH heat + CH3-NaO

et hyl 2- di §Rf 491 nopr opi onat e 1-dodecanol CH3- (CH2) 11- O @eiidyHtpy N( CH3) 2
+ CH3CH2OH DDAI P The ethyl 2-(N, N-di met hyl am no)-propionate i1s preferably
refluxed for about 2 hours in the presence of 10 percent 5 stoichionetric
excess 1l-dodecanol and a catal ytic anount of sodi um nmet hoxi de (predissol ved
in toluene). During this process, the ethanol formed is renmoved fromthe
reacti on nedium by azeotropic distillation. Following the reaction phase,
the solids of the remaining mxture 10 aye filtered off, resulting in a
DDAIP filtrate. The transesterification approach to synthesizing DDAl P
results in a product containing relatively |ower |evels of by-products and

unreacted reactants, ahid&h-aie undesd nable &f tehakd redrrdgating, 15 and
difficult to renove by conventional nethods. To nake an acid addition salt,

DDAIP free base is mxed with a water |nn1SC|bIe sol vent such as hexane

to forma re act a N, | $eafrdi INgd at a
t enperature %ﬁ}%? » %%g‘%&{%@ﬁ e)®0+ @%&8 & ]:O—e%el-sg]_:rg—ﬂmd is then
added to the é’rLrpe'Pa ?@mgrg?&rg | ed sol utfER"A an amount sufficient for

the formation of a sal CHyYEsl,PiRE-HB(EHH-NEMI) I‘LIC|$Q:L idpn. During the
acid addition, constantkgtlrﬁﬁhg DS agl?atlon)gof the}ﬁ%actant sol ution

is optional, but 25 preferred. The salt precipitate of DDAIP is recovered
by any suitabl e method such as filtration. The f oregoi ng net hod of making

DDAl P sal ts Ty ethg/utdd (2,ed disnet kI i et st Heori  esmadynigact i on
by- product s aqﬂ_ QQ{Q§%§%§QN5?Q§F§gE§%ffﬁ”@he pgésence of 10 percent
5 stoichiometric excess l-dodecanol and a catalytic amount
of sodium methoxide (predissolved in toluene). During
this process, the ethanol formed is removed from the
reaction medium by azeotropic distillation. Following
the reaction phase, the solids of the remaining mixture
10 are filtered off, resulting in a DDAIP filtrate.

The transesterification approach to
synthesizing DDAIP results in a product containing
relatively lower levels of by-products and unreacted
reactants, which are undesirable, often skin-irritating,

15 and difficult to remove by conventional methods.

To make an acid addition salt, DDAIP free base
is mixed with a water immiscible solvent such as hexane
to form a reactant solution. The reactant solution is
maintained at a temperature in the range of about 10° to

20 about -10° Celsius. Acid is then added to the
temperature-controlled solution in an amount sufficient
for the formation of a salt precipitate in the reactant
solution. During the acid addition, constant stirring
(or agitation) of the reactant solution is optional, but

25 preferred. The salt precipitate of DDAIP ig recovered
by any suitable method such as filtration.

The foregoing method of making DDAIP salts may
be utilized as a purification step for removing reaction
by—products and unprocessed reactants from DDAIP.

30 Synthesis procedures according to the present invention



30 Synthesis procedures according to the present invention WO 01/74279
PCT/ US01/ 10699 - 14 can result in substantially pure salt precipitates of

DDAI P t hatyogcamap® i ncorporated into the conpositions of tha/Roe36/9Y

i nvention. The penetration enhancer is present in an 5 anmount sufficient
to enhance the penetration of the prostaglandin E1l. The specific anount
varies necessarily according to the desired release rate and the specific
form of prostaglandin E1l used. Cenerally, this anmount ranges from about
0.5 percent to about 10 10 percent, based on the total weight of the
conposition. Preferably, the penetratil@an -enhancer i s about 5 wei ght
percent of the conposition. Polysaccharide guns are al so an inportant
ingredient to the present conposition. Suitable 15 representative guns are
those i n theagalrestdrimnimarsuananddteddor purk galldc torraipdt agnem iof a

car bohydr at erpely tifar Gan Ui RAalArIe LR yfz%?r{g;%%ﬁtq%tss,ofor ot her

derivatives of such a polyner. There is a relativel arge nunber of
gal act omann&®§ DrfsSER ty iy S 1@ .conposi ti on depending on their origin. The

?gl gctomannan. gum : S ahal %l%tr%rkur@%qd o@zealﬂa@nwl igt @i@tgérr% infDan I
- nnopyr ano ts |inke -4). Single nenbhered a-D-manopyranosy
uni tsgal i nké&d ﬁ%)suﬁglﬁl{eﬁ’et tﬁale&%en%hfr é’eﬁ’lﬁé?ggﬁoéjs O% &&%r anches.

Gal act omannarcf aguesdinclEjde har sgaaifwhi ehoustt herpakveri zed endosper m

of the seed_Qf. €] r . of : i n ( si_s .tetragonal obus
and psor al oin%ﬁe@gﬁ%lﬁgfs%é@%%g%ugfm%%ﬁ!ﬁgh%q"%df g%%%%% tr?\agee%&?gper m of
the seeds d&he weasdriolt e ofr reftasiandgua)E: ueedst Genarglhva0 is

preferred fenithemnesetaddqaetdn additern suidakled &R espfatigve guns

'nelyde  aoar UM CHLAAPNAN UM INALI; M KNV GUs cion.
Preferably, the penetration enhancer is about 5 weight
percent of the composition.

Polysaccharide gums are also an important
ingredient to the present composition. Suitable

15 representative gums are those in the galactomannan gum
category. A galactomannan gum is a carbohydrate polymer
containing D-galactose and D-mannose units, or other
derivatives of such a polymer. There is a relatively
large number of galactomannans, which vary in

20 composition depending on their origin. The
galactomannan gum is characterized by a linear structure
of B-D-mannopyranosyl units lfnked (1-4) . Single
membered a-D-manopyranosyl units, linked (1-6) with the
main chain, are present as side branches. Galactomannan

25 gums include guar gum, which is the pulverized endosperm
of the seed of either of two leguminous plants
(cyamposis tetragonalobus and psoraloids) and locust
bean gum, which is found in the endosperm of the seeds
of the carobtree (ceratonia siliqua). Locust bean gum

30 is preferred for the present invention.

Other suitable representative gums include
agar gum, carrageenan gum, ghatti gum, karaya gum,
rhamsan gum and xanthan gum. The composition of the
present invention may contain a mixture of various gums,

35 or mixture of gums and acidic polymers.



rhansan gum and xant han gum The conposition of the present invention may
contain a m xture of various guns, 35 or m xture of guns and acidic

pol ymer s. wi1044744279 PCT/ US01/ 10699 15 GQGuns, and gal actpmagRadfod@yins i n
particular, are well-known materials. See for instance, Industrial Guns:
Pol ysaccharides & Their Derivatives, Wistler R L. and BeMIler J.N
(eds.), 3rd Ed. Academ c Press 5 (1992) and Davidson R L., Handbook of

Wat er-Sol uble Guns & Resins, McGawHi|ll, Inc., NY. (1980). Mst guns
are comrercially available in various forns, comonly a powder, and ready
for use in foods and topical conpositiigns. For exanple, |ocust bean gumin
10 powdered formis available fromTic Guns Inc. (Belcam MD). The

pol ysaccharide guns are represent in the range fromabout 0.5 percent to
about 5 percent, basedunen tenel togetlachweiaghtarofguntye iconpasiitdudmr Wi th the 15
preferred range RAING oMl Aencent @ Zeneiincd | IRhiablye
conpositions are given I n the exanpl es, el ow. An opti‘onal alternative to
t he pol ysacés defolginqaharisiasg derfiais Rand yolimas,. Whicdrheon Reari ety of

20I pol yafrylﬂ.C_agﬁi qblemlmr&r Ia! .@qﬁﬂx%.ge,n%{ﬂ&giddy p_@t%ﬁiéqfalrcbq?%rss;'l Car PorrteL is
pol yacrylic acid po rs, i y cross-linked w pol yal kenyl pol yether.
It is° comerci’d)] f%qvéﬂsé%f Fomlt-he H3RGPoH & iMat Iye( Akr on,
Chi 0) under cibes deHegnatd, omMcEZARBERAI(r )inc A 26 partisau)ar | wigeef err ed

variety of carhoner is that . designat.ed.as ".CARBOROL 940." O her
pol yacrylic @&%d%%cﬁ fr?emrmserscullatcigﬁ’l g"w olﬁabﬁlsee.lq N Practs dHEShi s i nventi on
are those cowmmcsilal lay poasdid albirel uredely tiver desi gmatfioods "sReihul en(r) " (B.

F. 30 GoodrixehiConpappsnd i o YCARRORHAmHY e (Addu RORRIANS qun in
10 powdered form is available from Tic Gums Inc. {(Belcam,
MD) .

The polysaccharide gums are represent in the
range from about 0.5 percent to about 5 percent, based
on the total weight of the composition, with the

15 preferred range being from 0.5 percent to 2 percent.
‘ Illustrative compositions are given in the examples,
below.

An optional alternative to the polysaccharide
gum is a polyacrylic acid polymer. A common variety of

20 polyacrylic acid polymer is known generically as
"carbomer." Carbomer ig polyacrylic acid polymers
lightly cross-linked with polyalkenyl polyether. It is
commercially available from the B. F. Goodrich Company
(Akron, Ohio) under the designation "CARBOPOL®." A '

25 particularly preferred variety of carbomer is that
designated as "CARBOPOL 940."

Other polyacrylic acid polymers suitable for
use. in practicing this in§ention are those commercially
available under the designations "Pemulen®" (B. F.

30 Goodrich Company) and "POLYCARBOPHIL™" (A.H. Robbins,
Richmond, VA). The Pemulen® polymers are copolymers of
Cyo to C3p alkyl acrylates and one or more monomers of
acrylic acid, methacrylic acid or one of their simple
esters crosslinked with an allyl ether of sucrose or an

35 allyl ether of pentaerythritol. The POLYCARBOPHIL™



Ri chnond, VA). The Pemul en(r) polyners are copolyners of Cl10 to C30 al kyl
acryl ates and one or nore nononers of acrylic acid, nethacrylic acid or

one of thgig

an 35 allyl

divinyl glycol. Were polyacrylic acid polynmers are present, they
represent about 0.5 percent to about 5 percent of 5 the conposition,
wei ght. Anot her inportant conponent of the present invention

on its total
is a |lipophi

refers to an agent that is both |ipoph

lic compound. The termlip g?ijic conpound as used herein
ilic and hydrophilic. The Cl1 to C8

01o4s3l € esters crosslinked with an allyl ethgicGisosMedo9se or
et her of pentaerythritol. The POLYCARBOPH LTM WO 01/ 74279
PCT/ US01/ 10699 - 16 enhancer is a polyacrylic acid cross-linked with

based

al i phatic 10 al cohols, the C2 to C30 aliphatic esters, and their mxtures
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acet at e,

PPy 1l d Usdifatd Mss s Siuirdiadd &y 10 Q) Syl ©
ol and isopropanol, while suitable esters are éethyl
etate, ethyl laurate, nethyl propionate and 15 isopropyl

nyristate. As used her@iaye thvd yteermyl f'@ldplatdal yaleaohale igeddedas, pol yol s
such as 0l Ye0) el ens My ils 4 oly RLIVLENG. &) ¥edle., A xture of
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gster 1s preferred, and i*n particul ar,

XTUTE 0%t hanol

and efhyl | &heatcompadistiare ikagasston 20 priefterlr ekidife. concentration of
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C 1 C
alcohols, the C, to C3, aliphatic esters, and their

mixtures can serve as lipophilic compound. Illustrative
suitable alcohols are ethanol, n-propanol and
isopropanol, while suitable esters are ethyl acetate,
butyl acetate, ethyl laurate, methyl propionate and
isopropyl myristate. As used herein, the term
"aliphatic alcohol" includes polyols such as glycerol,
propylene glycol and polyethylene glycols. A mixture of
alcohol and ester is preferred, and in particular, a
mixture of ethanol and ethyl laurate myristate is most
preferred.

The concentration of lipophilic compound‘
required necessarily varies according to other factors
such as the desired semi-solid consistency and the
desired skin penetration promoting effects. The
preferred topical composition contains lipophilic
compound in the range of 7 percent to 40 percent by
weight based on the total weight of the composition.
Where a mixture of aliphaﬁic alcohol and aliphatic ester
are employed, the preferred amount of alcohol is in the
range of 5 percent to 15 percent, while that of
aliphatic ester is in the range from 2 percent to 15
percent (again based on the total weight of the
composition).

An optional, but preferred, component of the

present invention is an emulsifier. Although not a



are enpl oyed, the preferred amount of alcohol is in the 30 range of 5
percent to 15 percent, while that of aliphatic ester is in the range from

2 percentywlgikaaepercent (again based on the total wei ght g/ tdd¢10699
conposition). An optional, but preferred, conmponent of the 35 present

invention is an enulsifier. A though not a WD 01/74279 PCT/US01/ 10699 - 17
critical factor, a suitable enulsifier generally will exhibit a

hydrophi lic-1i pophilic balance nunber greater than 10. Sucrose esters, and
specifically sucrose stearate, can serve as enmulsifiers for the topical 5
conposition of the present invention.. Sucrose stearate is a well known
enul sifier available fromvarious comercial sources. Wen an enulsifier
is used, sucrose stearate present up to about 2 percent, based on the
total wei ghtcroftitded camasd t iaorsuji&hmreafeeﬂiquiﬁlg dbhgqurafier Eﬂeﬂlarmunt f of
sucrose stearat.e. . fier n al e expressed as a.weight ratio o

emul sifier '?e 8% l%oﬁ%a?%‘%%p&gl glu%f%orpgﬁlolé;fb 0% Iblfﬂﬁeﬁ &N gum is
preferred, &fdra YGati Fuwlrdse estdss nostd medfarfiiehltly gensyst e the desired

sem -solid %@é%x%tt%‘,cycérﬂdsééfé%@@@%ﬁﬁf@fé%‘?&c%hg% resent invention
ut,

includes an acid buffer system Aci uffer systens serve to nmmintain or
buf f e® t he GHRFSIIGIRTOE i s RHQIRH e ian r afieromfe at@anateuf f er

systent or "iff eféllaknisad hered i has Jeferance £20 taa sl ute agent or
agents which, when in a water soluytion, stahiljze such solution against a
mj or change O ForS i Then T O GF orS &9 1SACTHRS  aci ds
or bases ar estaddettd hereetemt Sob Ut dgart Drpemgait s bddah @r aldus

eponst bl e St (SRS S0 ApRlEnon, L LA L Lug bulered o

10 preferred amount of sucrose stearate emulsifier can also
be expressed as a weight ratio of emulsifier to
polysaccharide gum. A ratio of 1 to 6 emulsifier to gum
is preferred, and a ratio of 1 to 4 is most preferred to
geherate the desired semi-solid consistency and

15 separation resistance.

The present invention includes an acid buffer
system. Acid buffer systems serve to maintain or buffer
the pH of compositions within a desired range. The term
"buffer system" or "buffer" as used herein has reference

20 to a solute agent or agents which, when in a water
solution, stabilize such solution against a major change
in pH (or hydrogen ion concen?ration or activity) when
acids or bases are added thereto. Solute agent or
agents which are thus responsible for a resistance to

25 change in PH from a starting buffered pH value in the
range indicated above are well known. While their are
countless suitable buffers, potassium phosphate
monohydrate has proven effective for compositions of the
present invention.

30 The final pH value of the pharmaceutical
composition of the present invention may vary within the
physioclogically compatible range. Necessarily, the
final pH value is not irritating to human skin. Without
violating this constraint, the pH may be selected to

35 improve prostaglandin E; stability and to adjust



countl ess suitable buffers, potassium phosphate nonohydrate has proven
effective for conpositions of the present invention. 30 The final pH val ue
of the phaig @AM cal conposition of the present inventigip INGoy W thin
the - physiologically conpatible range. Necessarily, the final pH value is
not irritating to human skin. Wthout violating this constraint, the pH
may be selected to 35 inprove prostaglandin E1 stability and to adjust WO
01/ 74279 PCT/ US01/ 10699 - 18 consistency when required. Wth these
factors accounted for, the preferred pH value is about 3.0 to 7.4. The
nmost preferred pH range is from about- 3.6 10 about G O. The renmining
conponent of the conpositionis 5 water, which is necessarily purified.
The conposition contains water in the range of about 50 to about 90
percent, basethstmstidreyt otlen weighireni. t el donpesid ifertorBhecgegiddd amount
of water pr gggnt 'h% /rtéd: n valQueves . eing adj ust.7ag£I e obt ain the
desired 10 consi sten y an oncentration O tthe ot corrponents

Addi ti onal | yosikn ®ie feraiest athutanssndts ditosn ab@mﬁa@oér §ocaa|boaﬂts@ e added,

i f desired. IIIustrat@ﬁ% @R 13 IR Emp ﬂﬂgwﬁghpdyﬂﬁﬂﬂy|EQCEtaﬁlde
(DVBN), 15 2- [ N, N-di et hyl - mtoluamde(DEE
1- dodécyl az é&%ﬁ'{e 5 SRS ERAoHET PUTE g6 -st dPEd CaPgRdidida of Nel son

Research), I&,olﬁ-t(ilm fwyd tfear niﬁm’dlfé, radgEedTy labdupy 5o ltcdemu tc aloci um

t hi ogl ycol a oxazolidj Jon olaederl ativ | aur ocapr.am 20
deri vati vestheer %&(crbc?cé cli ?i &it a)ri:cersrl iy h\£ frrg%goc? GN C“%ét Sttes.

Pr ost agl anleﬁleEﬁpgtatﬁJM mnmm®MWQM®nt rlhse@lqtglcxlaltla:@ént s, and
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consistency and/or concentration of the other

components.

Additionally, known transdermal penetration
enhancers can also be added, if desired. Illustrative
are dimethyl sulfoxide (DMSO), dimethyl acetamide (DMA),

15 2-pyrrolidone, N,N-diethyl-m-toluamide (DEET),
l-dodecylazacycloheptane-2-one (Azone®, a registered
trademark of Nelson Research), N,N-dimethylformamide,
N-methyl-2-pyrrolidone, calcium thioglycolate,
oxazolidinone, dioxolane derivatives, laurocapram

20 derivatives, and macrocyclic enhancers such as
macrocyclic ketones.

' Prostaglandin E,; stabilizers, coloring agents,
rheological agents, and preservatives can be added to
the extent that they do not overly limit prostaglandin

25 E, skin penetration or prevent the desired semi-solid
consistency.

Contemplated dosage forms of the semi-solid
pharmaceutical compositioﬁ of the present invention are
creams, gels, and the like, also including but not

30 limited to compositions suitable for use with
transdermal patches and like devices.

The ingredients listed above may be combined
in any oxder and manner that produces a stable
composition comprising a prostaglandin E, evenly

35 dispersed throughout a semi-solid formulation. One

\
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0 .e.g. .dropwise of "Part B jnto Part A_undér _const ant
the' pH %alue[g¥ Pgrt A to the desired level may be used,

for example, by adding concentrated phosphoric acid or
sodium hydroxide.

Separately, the prostaglandin E, is digsolved
with agitation in the lipophilic compound, which itself
may be a mixture of alcohols, esters, or alcohol with
ester. Next, the penetration enhancer is added.
Alternatively, when the lipophilic compound includes
both an alcohol and an ester, the prostaglandin E; can
be dissolved in the alcohol before adding the
penetration enhancer followed by the ester. In either
case, the resulting mixture will be labelled "Part B."
The final step involves slow addition (.e.g. dropwise)
of Part B into Part A under constant mixing.

The resulting topical composition, when
compared to exhibits the advantageocus properties
described above, including improved prostaglandin E;
permeation and bioavailability without drug overloading,
reduced skin damage and related inflammation, and
increased flexibility in design of dosage forms. These
compositions can be used for prolonged treatment of
peripheral vascular disease, male impotency and other
disorders treated by prostaglandin E,, while avoiding
the low biocavailability and rapid chemical decomposition
associated with other delivery methods. Application of
prostaglandin E; in a topical composition of the present

invention to the skin of a patient allows a
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limit its scope. Variations in the treating
compositions which do not adversely affect the
effectiveness of prostaglandin E, will be evident to one
skilled in the art, and are within the scope of this

15 invention. For example, additional ingredients such as
coloring agents, anti-microbial preservatives,
emulsifiers, perfumes, prostaglandin E; stabilizers, and
the like may be included in the compositions as long as
the resulting composition retains desirable properties,

20 as described above. Unless otherwise indicated, each
composition is prepared by conventionally admixing the
respective indicated components together.

EXAMPLE 1: Topical Prostaglandin E, Composition A
Composition A was prepared as follows. Part A

25 was formed by dissolving 0.4 parts prostaglandin E;
(Alprostadil USP) in 5 parts ethyl alcohol. Next, 5
parts dodecyl 2-(N,N-dimethylamino)-propionate were
mixed into the alcohol-prostaglandin E; solution,
followed by 5 parts ethyl laurate.

30 Part B was prepared starting from a pH 5.5
water/buffer solution. The water/buffer solution was
prepared by adding sufficient potassium phosphate
monohydried to purified water to create a 0.1 M
solution. The pH of the water/buffer solution was

35 adjusted to 5.5 with a strong base solution (1 N sodium
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nd tal ed,

Wth head a sections ren the ‘skin was random y divided into
The resulting composition was a spreadable,

10 semi-solid suitable for application to the skin without
the need for supporting devices such as patches and
adhesive strips. The composition was both homogenous in
appearance and resistant to separation.

Composition A was evaluated for skin

15 penetration using shed snake skin as a model barrier.
Shed snake skin was obtained from the Animal Care Unit
of the University of Kansas. With head and tail
sections removed, the skin was randomly divided into
test sections and then hydrated by soaking.

20 The samples were then evaluated using Franz-
type Diffusion Cells (surface are 1.8 cm?).
Specifically, skin pieces were mounted on top of a
receptor cell of a vertical diffusion cell assembly in
which a small magnetic bar was inserted and filled with

25 an isotonic buffer. A seal was placed on top of the
skin section followed by a donor cell. The two cells
were clamped together. Known amounts of the
formulations were applied on the bottom of a small
capped vial (weight =5 grams) which fits exactly to the

30 donor cell to ensure uniform distribution. The vials
were placed on the skin in the donor cell. To reduce
the evaporation of the ingredients, the donor cell and
vial were gently taped together with a water-resistant
adhesive band. The cells were transferred to a stirred

35 water bath (32°C.). Samples were withdrawn from the
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TABLE 2, bejdw,g angd idh41£3J XA T iy, E1
Conposi ti on@jd) 145' Corrp05| ti orl?g V\C/:as prwgﬁgr%dlsugﬁmn%ﬁ}t kée%raq‘%t@gleg%ejrﬁys listed

in TABLE 1, qﬁﬁqiﬁnqgnﬁﬂxQQQ(ﬁ¥q§nt that 1t i1s not inconsistent.
10 The prostaglandin E, penetrated quickly at a

relatively sustained rate for four hours. The results
of the penetration study are presented in TABLE 2,
below, and in FIGURE 1.
EXAMPLE 2: Topical Prostaglandin E, Composition B

15 Composition B was prepared using the
ingredients listed in TABLE 1, below. Composition B
contained more prostaglandin E; than Composition A.
Despite this increased drug loading, Composition B
exhibited a similar semi-solid consistency and

20 homogenous appearance. - The penetration of prostaglandin
E, was measured according to the technique described in
Example 1. Composition B provided a relatively fast,
sustained delivery of prostaglandin E;. The results are
presented in TABLE 2, below, and in FIGURE 1.

25 EXAMPLE 3: Topical Prostaglandin E, Composition C

Composition C was prepared using the

ingredients listed in TABLE 1, below. Composition B
contained more prostaglandin E,; than either Composition
A or B. The increased drug loading had little or no

30 effect on the consistency or appearance, which
substantially matched that of Compositions A and B. The
penetration of prostaglandin E, was again measured
according to the technique described in Example 1.
According to this test, Composition C also provided a

35 relatively fast, sustained delivery of prostaglandin E;.



contai ned nore prostaglandin E1 than Conposition AL Despite this increased
drug | oadi ng, Conposition B exhibited a simlar sem-solid consistency and

20 honogeReys/ApRear ance. - The penetration of prostagl andigyr dbiMGde
measured according to the technique described in Exanple 1. Conposition B

provided a relatively fast, sustained delivery of prostaglandin El. The
results are presented in TABLE 2, below, and in FIGURE 1. 25 EXAMPLE 3:
Topi cal Prostaglandin E1 Conposition C Conposition C was prepared using
the ingredients listed in TABLE 1, bel ow. Conposition B contained nore
prostagl andin E1 than either Conpositiofjy A or B. The increased drug

| oading had little or no 30 effect on the consistency or appearance, which
substantially nmatched that of Conpositions A and B. The penetration of

prost agl andiTheElrawas] gaire MResdeted abCorabmy 4 0 By echwy aue descri bed
i n Exanpl e JFI Iﬁ&gﬁjrsdi ng to this test, Conposition C also provided a 35
relatively fas(%, tai ned delivery of prostaglandin E1. WO 01/ 74279

PCT/ USO1/ 1063AMRLE 31 : Thup ¥ sl | R1so siraey e t B d CompbARIEE oz, Dbel ow, and in

FI GURE 1. EXAMPLE 4: Tapj . .Pr gst-aqgl andi E} i ti D Conposition D
was prepared using the@#%g%gﬁﬁgn?gﬂﬁgé% m‘%Ar{B%E{él,&Eeel ow. The | evel of
prost ayl andiWEEle(%a%ﬂta%;a]iﬂrﬁﬁ%rJéasf&BW thoueelambstBre ikt gl aff ecting the
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in Fl GURE 1.sdpeMvRLIorb: reois tealcdPr ostlag | @tk thr 411 &20 npd Shitd ©add aa@imposi ti on
E vas prepared 3 08240 nebRat el 6t ishedd RnlABEnhy 8 oW To assess
10 described in Example 1. The results are presented in
TABLE 2, below, and in FIGURE 1.
EXAMPLE 5: Topical Prostaglandin E, Composition E
Composition E was prepared using the
ingredients listed in TABLE 1, below. To assess the
15 repeatability of compositions according to the present
invention, the recipe of Composition D was again applied
for Composition E. Repeatability was substantially
confirmed by Composition E's favorable, semi-solid
consistency and separation resistance. The penetration
20 of prostaglandin E; was again measured according to the
technique described in Example 1. The prostaglandin E,
delivery from Composition E was again relatively fast
and sustained. The results are presented in TABLE 2,
below, and in FIGURE 1.
25 EXAMPLE 6: Topical Prostaglandin E, Composition F
The level of prostaglandin E, was again
increased for Composition F. The specific ingredients
are listed in TABLE 1. The favorable consistency and
separation resistance was undiminished. The results of
30 a penetration analysis are presented in TABLE 2, below,
and in FIGURE 1.
EXAMPLE 7: Topical Prostaglandin E,; Composition G
Composition G was prepared using the
ingredients listed in TABLE 1. For Composition G, the

35 recipe of Composition F was repeated except that the
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component and an alcohol component.
TABLE 1: Topical Prostaglandin E, Compositions
Ingredient (wt%) A B c D F G
Part A: prehydrated locust bean gum 3 3 3 3 3
15 water/ouffer pH55) 81 81 81 81 81 81 81
sucrosestearate 05 05 05 05 05 05 05
Part B: prostaglandinE; 01 02 03 04 04 05 04
DDAIP 5 5 5 5 5 5
ethanol 5 5 5 5 5 10
20 ethyl laurate 5 5 5 5 5 -
EXAMPLE 8: Comparison of Penetration Profiles
‘ TABLE 2 shows the cumulative amount of
prostaglandin E, penetrating each hour for 4 hours for
25 each example composition according to the present
invention. These data demonstrate the ability of the
present invention to delivery prostaglandin E; drugs
transdermally.
FIGURE 1 is graph generated from the data
30 presented in TABLE 1.. Significantly, and well

represented in graphical form, compositions according to

the present invention deliver effective skin penetration

relatively fast and at a sustained rate. As expected,

cumulative penetration increases with increased

35 prostaglandin E, loading of the source composition.

24



Part A: prehydrated | ocust bean gum3 3 3 3 3 3 3 15 water/buffer (pH 5.5)
81 81 81 81 81 81 81 sucrose stearate 0.5 0.5 0.5 0.5 0.50.50.5 Part B:
prost agl aw@d ¢1/82790.1 0.2 0.3 0.4 0.4 0.5 0.4 DDAIP 5 5 5 fetauhiAoceet hanol
55555510 20 ethyl laurate 555 5 5 5 - EXAMPLE 8: Conparison of
Penetration Profiles TABLE 2 shows the cunul ati ve anount of prostaglandin
El penetrating each hour for 4 hours for 25 each exanple conposition
according to the present invention. These data denonstrate the ability of
the present invention to delivery prostaglandin E1 drugs transdernmally.
FIGURE 1 is graph generated fromthe dats - 30 presented in TABLE 1..
Significantly, and well represented in graphical form conpositions
according to the present invention deliver effective skin penetration
relatively fast and atTABLE@sGuniutptive Pragteglanai EeReretratiod (Lalcpdinul at i ve
penetration increasesHarth iacreased 3% prostagl andin E1 | oadi ng of the

source conposition. WO P1744g79 3P3§;T/ Lgﬁp,l/ 19&,99 709 29 3‘,_3[A|:313|%J . Cunul ative
Prost agl andi n E, Penetrgtl I% ]3. 1.96 3.37 5.47

(p

720 7.09 10 38 3. 03 225, 4¢% %27% ol 2%1%36 1%35% 2%063 é”i? 53 11.25

18. 18 530. 34 35.53 28. 24342'.128 118.163 3013413.3% 23828 38.139 1¥P398 41.1 52.13
18.71 To further asses4the.oef fEocMsi vesuass4nds 104cpnmEesst i @ys according the
present invention, conparative exanple conpositions were prepared. A first
conparative exanple (Conparative Exanple 1) was prepared wth the sane
reci pe as Conpositionsid fand- e xcepts tilat efflretDRAINe gered rat i on enhancer
was qrg tted.

cdﬁﬂbgitlons according the present invention,

comparative example compositions were prepared. A first
comparative example (Comparative Example 1) was prepared
with the same recipe as Compositions D and E except that
the DDAIP penetration enhancer was omitted. For A

15 second comparative example (Comparative Example 2), the
DDAIP was again omitted, but the level of ethanol was
increased a corresponding amount. The specific

ingredients used are listed in TABLE 3, below.

20 . TABLE 3: Comparative Examples
Comparative Comparative
Ingredient (wt%) Composition 1 Composition 2
Part A: prehydrated locust bean gum 3 3
water/buffer (pH 5.5) 86 81
sucrose stearate 0.5 0.5
25 Part B: prostaglandin E, 0.4 0.4
ethanol 5 10
ethyl laurate 5 5

The penetration of prostaglandin E; from was evaluated
30 according to the technique described in Example 1. The
results are presented in TABLE 4, below.



15 second conparative exanple (Conparative Exanple 2), the DDAIP was again
omtted, but the |level of ethanol was increased a correspondi ng anount.
The speci figoyup@r edi ents used are listed in TABLE 3, bel ogr/@d1/I#B8LE 3:
Conpar ati ve Exanpl es Conparative Conparative Ingredient (w% Conposition
1 Conposition 2 Part A: prehydrated | ocust bean gum 3 3 water/buffer (pH
5.5) 86 81 sucrose stearate 0.5 0.5 25 Part B: prostaglandin E, 0.4 0.4
ethanol 5 10 ethyl laurate 5 5 The penetration of prostaglandin E1 from
was evaluated 30 according to the technique described in Exanple 1. The
results are presented in TABLE 4, below, \WO 01/74279 PCT/US01/10699 - 26
TABLE 4: Conparative Exanples Cunul ative Prostaglandin E, Penetration
(pg/ cn2) Conparative Conparative Hour Conposition 1 Conposition 2 5 1
2.64 1.55 2 4.46 3.69 3 6.59%A8LES3 cothpRafib EXdmfles 10 The data of TABLE 4
are conpared graphi cal | y cdnulatierrestayiankia EC preestioh jitmahavi ng t he same
prostagl andin E1 | oadi ng, Conposi téfparafednd EomfdisivePenetration data

dermonstrate that conpositi OngouRCChipbdiibnkd t BohpRiBhesent invention benefit

greatly fromthe presencE‘Uf_yhe—tﬁggﬁ—penerraﬁyon—enhancer. DDAl PHC1 or
DDAIPﬁZSO4 can be used in the gfore44gtioned %ﬁﬁpositions inlieu of DDAIP

free base.
3 6.59 6.63

4 9.67 11.05
10
The data of TABLE 4 are compared graphically
to the example compositions having the same
prostaglandin E; loading, Compositions D and E. The
penetration data demonstrate that compositions according

15 to the present invention benefit greatly from the
presence of the DDAIP penetration enhancer. DDAIPeHC1
or DDAIPeH,SO, can be used in the aforementioned
compositions in lieu of DDAIP free base.

Example 9: Preparation Of Hydrochloric Acid
20 Addition Salt Of DDAIP
DDAIP was prepared by transesterification of
ethyl 2-(N,N-dimethylamino)-propionate obtained from
Varsal Instruments Inc. (Warminster, PA). Specifically,
a mixture ethyl 2-(N,N-dimethylamino)-propionate, 1-

25 dodecanol, and sodium methoxide predissolved in toluene
was refluxed for about 2 hours. As ethanol formed, it -
was removed by azeotropic distillation. After about 2
hours of refluxing, the remaining reaction product was
filtered to remove solids.

30 DDAIP-HCl was prepared by diluting 50 grams of
the DDAIP filtrate with 200 milliliters of hexane in a
flask, where the hexane and DDAIP were thoroughly mixed.
The resulting hexane-DDAIP mixture was cooled to about
5° Celsius. Next, under constant stirring, hydrogen

35 chloride gas was bubbled through the mixture for
approximately 2 to 5 minutes, after which a precipitate

was noted. The resulting precipitate was recovered by



Exanple 9: Preparation O Hydrochloric Acid 20 Addition Salt O DDAIP
DDAI P was prepared by transesterification of ethyl

2- (N, N- di wiet iyusei no) - propi onate obtai ned from Varsal | ngigruaenteeed nc.
(Warm nster, PA). Specifically, a mxture ethyl

2- (N, N-di net hyl am no) - propi onate, 1 25 dodecanol, and sodi um net hoxi de
predi ssolved in toluene was refluxed for about 2 hours. As ethanol forned,
it was renoved by azeotropic distillation. After about 2 hours of
refluxing, the remaining reaction product was filtered to renove solids.
30 DDAI PHC1 was prepared by diluting 5mgrans of the DDAIP filtrate with
200 mlliliters of hexane in a flask, where the hexane and DDAl P were

t horoughly m xed. The resulting hexane-DDAI P m xture was cool ed to about
5 Cel sius. Nexittramidsr. coist@nts Stgramngyt hytrogeit 35 ooz i de gas was
bubbl ed t hrqugh the yi xture for approxinately 2 to 5 mnutes, after which
a precipitate was noted The resulting precipitate was recovered by WO
01/ 74279 PCT/ US01/ 1069%pmplexy of j4he amqwemygmuw@m@mw@e precipitate
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car bon-ni trogen- hydro en con ent ng~ 5 poi nt, X-ray powder
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resonancg ( NMR)rarad témd&iraancartdlaqlﬂ&l(éagﬁ) n@ﬁf@r@%mé y( Nl\ﬁg)tl Eg, t he
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recrystalllzed al’l oWwng X rature. An
el enent al c@r]ftﬁ)rr&ﬂqve)@h mwmﬁ%lctlswmﬂem%mWr@@ml car bon,

4.26 percent, (dtJQ0ethy @iih 1o BA DElCEY mat ched
the calculated val ues of 63.4 per cent caercgwogﬁgb M&Cg{]}%@q&%@d}g
10 to cool to room temperature.

An elemental carbon-nitrogen-hydrogen analysis
detected 63.29 percent carbon, 4.26 percent nitrogen,
and 11.34 percent hydrogen, which generally matched the
calculated values of 63.4 percent carbon, 4.3 percent

15 nitrogen and 11.2 percent hydrogen for DDAIP-HC1
(C17H3sNO, HCL) .  Melting point was tested and verified to
be in the range of about 88° to about 90° Celsius.

For x-ray powder diffraction testing, a ground
sample of DDAIP'HCl was tested using a Siemens D500

20 Automated Powder Diffractometer equipped with a graphite
monochromator and a Cu (A=1.54A) x-ray source operated
at 50 kV and 40 mA. The two-theta scan range was 4° to
40° with a step scan window of 0.05° per 1.2 seconds.
Beam slits were set at No. (1)1°, (2)1°, (3)1°,

25 (4)0.15°, and (5)0.15° widths. Well-defined peaks were
detected at the following values of two-theta: 19.5°,
21°, 25°, 29.6°.

Mass Spectroscoby of a sampie dissolved in
dichloromethane produced peaks for the largest molecules

30 detected at unit masses of 284 and 286, which compares
well to the molecular weight of a DDAIP molecule, about
285.47. '

The results of an infrared spectroscopy
analysis of a DDAIP'HCl gample (in mineral oil) are

35 presented in FIGURE 3. Data generated by NMR analysis



15 nitrogen and 11.2 percent hydrogen for DDAl PHC (Cl7H35NO2 HO ) .
Melting point was tested and verified to be in the range of about 88 to

about 90 @We ®iuse For x-ray powder diffraction testing, a pgroaued10c9anpl e of
DDAl PHC1 was tested using a Sienens D500 20 Aut onat ed Powder Diffractoneter
equi pped with a graphite nonochromator and a Cu (A=1.54A) x-ray source
operated at 50 kV and 40 mA. The two-theta scan range was 4 to 40 with a
step scan wi ndow of 0.05 per 1.2 seconds. Beamslits were set at No.

(1)10, (2)10, (3)10, 25 (4)0.15, and (5)0.15 widths. Well-defined peaks
were detected at the follow ng values 2§ two-theta: 19.5, 21, 25, 29.6.
Mass spectroscopy of a sanple dissolved in dichloronethane produced peaks
for the | argest nolecules 30 detected at unit masses of 284 and 286, which
conpar es welfiont oH hadmbiG cyleat naeidgiet roft ar<DBAIIP sholféculthatalbout 285, 47.

The results QfcHeidHdAr 66k spagiAosgepy anal ysis of a DDAl PHCL sanple (in
F

mneral oil) are 35 presented in FIGURE 3. Data generated by NVR anal ysis
WO 01/ 74279 B¥epRIsp 00699 Prepagratign Of Fulfdsdetid a did not reveal
shifts that are inconsist&fdafiar s PiRe PBB&Rpl e 10: Preparation of
Sulfurs ¢ Acid Additi opSa,99, BRAl BroapBbALPH SR xwag poepar ed by ni xi ng

200 mllilit.erss hexane with 50 gra of DDAI P ed as described in
Exanmpl e 9 i rﬁlg%%lalgér%%er}%aq%@'%&goe GRS Sl r &t HS ni xed
toget her. Thegasibad nigy Brewanes DDAIP avifidtamle, wisemwndiled Hexatroutind

Cel sius. 10 geanaenidAl athoMligiiLe Roldh Wagddieny addad diapy g inder
constant stirring to forma precipitate. ter adding about grans of
sul furic adhﬁx%qﬁ?QQA}RiWﬁfRﬁﬁﬁ was cooled to about 5° Celsius.

10 Concentrated sulfuric acid was then added dropwise under
constant stirring to form a precipitate. After adding
about 18 grams of sulfuric acid, the stirring was
discontinued and the resulting DDAIP'H,SO, precipitate
was separated by filtration. About 60 grams of

15 precipitate were recovered.

Samples were analyzed by the same methods
listed in Example 9. Before property testing, the
DDAIP'H,SO, was dissolved in boiling ethyl acetate and
recrystallized.

20 Elemental analysis indicated 53.41 percent
carbon, 3.63 percent nitrogen and 9.61 percent hydrogen.
These values generally matched the calculated values of
53.23 percent carbon, 3.65 percent nitrogen, 9.72
percent hydrogen for DDAIPH,S0, (C;;H3NOS). Melting

25 point was tested and verified to be in the range of
about 58° to about 60° Celsius.

' For x-ray powder diffraction, a ground sample
of DDAIP-H,80, was tested using the diffractometer and
equipment settings described in Example 9. Well-defined

30 peaks were detected at the following values of two-
theta: 13.3°, 16.6°, 21.8°, 23.3°,

| Mass spectroscopy of a sample in
dichloromethane produced peaks for the largest molecules
detected at unit masses of 284 and 286, which compares

35 well to the molecular weight of DDAIP, about 285.47.



di sconti nued and the resulting DDAl PH2SO4 precipitate was separated by
filtration. About 60 grans of 15 precipitate were recovered. Sanples were
anal yzed W ¢im2®ane nethods |listed in Exanple 9. Before pomomeitysodesti ng,
the DDAl PH2SO4 was dissolved in boiling ethyl acetate and recrystallized.
20 El enental analysis indicated 53.41 percent carbon, 3.63 percent
nitrogen and 9. 61 percent hydrogen. These values generally natched the
cal cul ated val ues of 53.23 percent carbon, 3.65 percent nitrogen, 9.72
percent hydrogen for DDAl PH2SO4 (C1l7H37N06S) . Melting 25 point was tested
and verified to be in the range of abamg 58 to about 60 Cel sius. For x-ray
powder diffraction, a ground sanple of .DDAlI PH2ZSO4 was tested using the
diffractometer and equi pnent settings described in Exanple 9. Well-defined
30 peaks werBaletastldk diramenrt old fovd ey vedamsrafcdmpo-antdiatsis Bx8, 16. 6,
21.8, 23.3. MasssReety ﬂﬂ?@ f, 2 ssuml e.d oduced
peaks for the |argest gggl ecu §4det ect e? at ru%%@%%%%asdd 286,

whi ch conparfe¥ 35 @efl 1o sHse R dddl aotwaieyise loShBibsP chafo@re285. 47. WO
01/ 74279 PCHASHS 10608 Wi h Then1esdd,s froman infrared spect r oscopy

anal ysi s are presentg]ﬂﬁ1 FI GURE 4. Data.generated by N anal 5|s for 1H
and 13C spectra did not"% IS 1P H SO ot

DDAl PH2SOA4. 5L Tiieet faoriegoiangl sipeaidt oat i feskdmtaandeithiasing | | lsainr]s':ﬂti ve and
is not tob tl varijati.ons wt hi tesplrlt
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themselves to those gkilled in the art.



- 30 W daim 1. A topical conposition which conprises: prostaglandin
El; a skin penetration enhancer which is an acid 5 addition salt of a

conmpound @& @ctied fromthe group consisting of an al kyl - 2drsudestibdost ed
am no) - al kanoate, a (substituted am no)-al kanol al kanoate, and a m xture

t hereof; a polysaccharide gum 10 a |ipophilic conpound which is sel ected
from the group consisting of an aliphatic CL to C8 al cohol, an aliphatic
C8 to C30 ester, and a m xture thereof; and an acidic buffer system capable
of providing a buffered pH value for said conposition in the range of 15
about 3 to about 7.4. 2. The topical c@position in accordance wth claim
1 wherein said penetration enhancer is an al kanoate represented by the
formula: RSROHR Il LN 12 0 HCG (CH2)n-' -0.-C1 1 X24 k R2 wherein
nis an int@geCladwm:ng a value in the 25 range of about 4 to about 18; R

is a selected fromt E&} gr QUR £ONsiStid Ogirtr yqr egen,;, %‘]o&pq_,i%ésa,l kyl,

benzyl and phenyl; ‘and re selecte om thé group-consisting of
hydrogen and Cl to C7Pad8HaglR®dHmd B4 are selected fromthe group

consi sting of hydrogen, Jgm@thyetdRLM jennd3®cand i dis 180 Acigdi$- The

topi cal conpasj.ti.on in_accordance wth claim1 wherein said penetration
enhanCer i s 8R1tdONd SZddi QfoR SAMPBICH S64 acd a1 & Tk yAhe QYA subst i t ut ed

am no) - acet aiogLs WY Z2Eh ROKWSOL (MR ituted amino) -alkanoate,
a (substituted amino)-alkanol alkanoate, and a mixture
thereof;
a polysaccharide gum;

10 a lipophilic compound which is selected from
the group consisting of an aliphatic C, to C; alcohol,
an aliphatic C; to C;, ester, and a mixture thereof; and

an acidic buffer system capable of providing a
buffered pH value for said composition in the range of

15 about 3 to about 7.4. '

2. The topical composition in accordance
with claim 1 wherein said penetration enhancer is an
alkanoate represented by the formula:

R, O H R,

20 Hsc_(CHZ)H'—IE—O-—Q—IL_N< . HX
R2

wherein n is an integer having a value in the
25 range of about 4 to about 18; R is a selected from the
group consisting of hydrogen, C, to C; alkyl, benzyl and
phenyl; R; and R, are selected from the group consisting
of hydrogen and C; to C, aikyl; R; and R, are selected
from the group consisting of hydrogen, methyl and ethyl;
30 and HX is an acid.

3. The topical composition in accordance
with claim 1 wherein said penetration enhancer is an
acid addition salt of a C, to C;; alkyl
(N,N-disubstituted amino) -acetate.



- 31 4. The topical conposition in accordance wth claim1 wherein said
penetration enhancer is an acid addition salt of dodecyl

(N, N- di nefviayd1aar00) - acetate. 5 S. The topical conpositiopdiuatbepdance
with claim1 wherein said penetration enhancer is an acid addition salt of

dodecyl 2-(N, N-di net hyl am no)- propionate. 6. The topical conposition in
accordance 10 with claim 1l wherein said penetration enhancer is dodecyl
2- (N, N-di net hyl am no) - propi onate hydrochloride. 7. The topical conposition
in accordance wth claim1l wherein said penetration enhancer is dodecyl
2- (N, N-di net hyl am no) - propi onate hydrogen _ 15 sul fate. 8. The topical
conposition in accordance wth claim1l wherein said penetration enhancer
is an al kanoate represented by the formula: 20 R38 .0 RS R7 Il I | RR HC
CLOCCN 3\ KX KIR R Rhe Gcdoivyl Zhmpdiereidh nid sasbiddeger having a
value in th%i ran eiof al%vut 5. t o about 1%]%.is an .i nteger, having a val ue
in the rangd ot TIHT dooltTHRRF R PRECTE 1 SHRREL B8 3thd R7 are
sel ect ed fr @wichedgidupr gl isteohgatechy dmbdeniin@i-tydl a@8iradb)kyl , and Cl to
8 aryl; R8Js+s&lected fromthe group consisting of hydrogen, hydroxyl,

Cl to C8 alkyl, and ClL to C8 aryl ; and HX is an acid.
5 5. The topical composition in accordance

with claim 1 wherein said penetration enhancer is an
acid addition salt of dodecyl 2-(N,N-dimethylamino) -
propionate.
6. The topical composition in accordance
10 with claim 1 wherein said penetration enhancer is
dodecyl 2-(N,N-dimethylamino) -propionate hydrochloride.
7. The topical composition in accordance
with claim 1 wherein said penetration enhancer is
dodecyl 2-(N,N-dimethylamino) -propionate hydrogen
15 sulfate.
8. The topical composition in accordance
with claim 1 wherein said penetration enhancer is an
alkanocate represented by the formula:

- -
20 Rsi 0 Rs | Ry R
1
I /
H,C—- —0—C—C——N . HX
L LR
Ry
4 6 8
L d, Ly
25
wherein n is an integer having a value in the
range of about 5 to about 18; y is an integer having a
value in the range of 0 to about 5; and R,, R,, Ri, Ry,
30 Rs, Rg, and R, are selected from the group consisting of

hydrogen, C, to Cg alkyl, and C; to Cy aryl; Ry is
selected from the group consisting of hydrogen,
hydroxyl, C, to C; alkyl, and C; to Cy aryl; and HX is an
acid.



WO 01/ 74279 PCT/US01/ 10699 - 32 9. The topical conposition in accordance
with claim1l wherein said penetration enhancer is an acid addition salt of

a C5 to Gy aaubexylic acid ester. 10. The topical conposigdt@amsoiMo699
accordance 5 with claim1l wherein said penetration enhancer is an acid
addition salt of 1-(N, N-di nethyl am no)-2-propanol dodecanoate. 11. The
topi cal conposition in accordance wth claim1l wherein said penetration
enhancer is an 10 acid addition salt of 1-(N, N-dinethylam no)-2-propanol
nyristate. 12. The topical conposition in accordance wth claim 1l wherein
said penetration enhancer is an acid addition salt of
1- (N, N-di net hyl am no) - 2- propanol 15 oleate. 13. The topical conposition in
accordance wth claiml wherein said polysaccharide gumis a
gal actomannan gum 14.9.The Thepitead i cxdnuesiddsdrt liom doc eragencareE wi th clai m
13 wherein sl QalAGH ATRANARGHMDiY B ARt 1 REULAND..19.s The ! opi cal.
conmposition in accordance wth clai m13 wherein said galactomannan gumis
a guar gumacisl pElditHen dfldalofcenpostei Bn cArkexryldanesidweskes-ai m 1
wherein said |ipophilig comprundditaletdaiRsitlbn The dQRIRInEomMposi tion
in acgor dance wth claim1l wherein said 'ltic-ngphi lic conpound is a 30
pol yoP al i pMatite HThoi WhEF S 3Fh ERGhiRER eGP ER6RITadSodance  with
claim1l whereiinl saidddigqopsdlld ofcamunt diswe tsdpitamd) DHd st
dodecanoate.
11. The topical composition in accordance
with claim 1 wherein said penetration enhancer is an
10 acid addition salt of 1-(N,N-dimethylamino)-2-propanol
myristate.
12. The topical composition in accordance
with claim 1 wherein said penetration enhancer is an
acid addition salt of 1-(N,N-dimethylamino) -2-propanol
15 oleate.
13. The topical composition in accordance
with claim 1 wherein said polysaccharide gum is a
galactomannan gum.
14. The topical composition in accordance
20 with claim 13 wherein said galactomannan gum is a locust
bean gum.
15. The topical composition in accordance
with claim 13 wherein said galactomannan gum is a guar
gum. .
25 16. The topical composition in accordance
with claim 1 wherein said lipophilic compound is
ethanol.
17. The topical composition in accordance
with claim 1 wherein said lipophilic compdund is a
30 polyol aliphatic alcohol.
18. The topical composition in accordance
with claim 1 wherein said lipophilic compound is
isopropyl myristate.



WO 01/ 74279 PCT/US01/ 10699 - 33 19. The topical conposition in accordance
with claiml1l wherein said |lipophilic conpound is ethyl laurate. 20. The

t opi cal cempAgutioon in accordance 5 with claim1 wherein pggigkohhggophilic
conmpound is a mxture of ethanol and isopropyl nyristate. 21. The topical
conposition in accordance wth claim1 wherein said |ipophilic conpound is
a mxture of ethanol and ethyl laurate. 10 22. The topical conposition in
accordance wth claiml wherein said penetration enhancer is dodecyl

2- (N, N-di net hyl am no) - propi onate hydrochl oride, said polysaccharide gumis
a |l ocust bean gum and said |ipophild 3ompound is a m xture of ethanol
and ethyl 15 laurate. 23. A topical conposition in accordance with claim
1 wherein said polysaccharide gumis 0.5 to 5 weight percent |ocust bean
gum said penetration 1%nhdfisertdps @15 qooees idicghti pexcsemdadotecy| 20

2- (N, N- di metydrand1ne pr QRianate e aGRHd8.c RghRidd §ld lic
conmpound is.a mxture of 0.5 to 80 wei ght percent éthanol and 5 to 80

wei ght per céf58dEpropyl nmyristate, based on the total weight of_the
conposi tion. 24. A topical Temesiidadn ddmpmm;rldﬁnnqel Giddord2mce aim 1

wher eizn sai ri umis 0. 5. ht | ocust bean

gum sal d pg’ne @%ﬁﬁbﬁ V%lancelrn Sa]% gj’[p(?pg‘ %t "}?g)%’gjnet dc?decyl

2- (N, N-di rretﬂ‘rlyqtalmen@)f rﬂtdmrmiataeldﬁ)lcﬂo@a‘rﬂm'rﬁ defrlaarh:@tseal d lipophilic

compound is a mxture of 0.4 é&ﬁ QsRargent, c}l‘%ﬂ(ﬁ d 0.5to 25
b sed on the

wei ght percent et hyI | aur at e total wel g t_of %
conposi ti onWitds claimdi ehiersimpsid diHaphidder garEeumt HLSclaal m 1, which

further conhaixtuir@n MEEdEr .and ethyl laurate.

10 22. The topical composition in accordance
with claim 1 wherein said penetration enhancer is
dodecyl 2-(N,N-dimethylamino)-propionate hydrochloride,
said polysaccharide gum is a locust bean gum, and said
lipophilic compound is a mixture of ethanol and ethyl

15 laurate.

23. A topical composition in accordance with
claim 1 wherein said polysaccharide gum is 0.5 to 5
weight percent locust bean gum, said penetration
enhancer is 0.5 to 25 weight percent dodecyl

20 2- (N,N-dimethylamino) -propionate hydrochloride, and said
lipophilic compound is a mixture of 0.5 to 80 weight
percent ethanol and 0.5 to 80 weight percent isopropyl
myristate, based on the total weight of the composition.

, 24. A topical composition in accordance with

25 claim 1 wherein said polysaccharide gum is 0.5 to 5
weight percent locust bean gum, said penetration
enhancer is 0.5 to 5 weight percent dodecyl
2—(N,N—dimethylamino)—proﬁionate hydrochloride, and said
lipophilic compound is a mixture of 0.5 to 25 weight

30 percent ethanol and 0.5 to 25 weight percent ethyl
laurate, based on the total weight of the composition.

25. A topical composition in accordance with
claim 1, which further contains an emulsifier.
26. A topical composition in accordance with

35 claim 24 wherein said emulsifier is an sucrose ester.



26. A topical conposition in accordance with 35 claim 24 wherein said

enul sifier is an sucrose ester. WO 01/74279 PCT/USO1/ 10699 - 34 27. A

t opi cal cempAgutioon in accordance with claim 24 wherein aﬁjm@mﬂ)@pfl er is
sucrose stearate. 28. A topical prostaglandin conposition which

conprises: 5 prostaglandin Eli a skin penetrati on enhancer which is an acid
addition salt of a conpound selected fromthe group consisting of an

al kyl - 2- (substituted am no)-al kanoate, a (substituted am no)-al kanol

al kanoate, and a m xture 10 thereof; a polyacrylic acid polyner; a

| i pophil'ic conmpound which is selected fypm the group consisting of an
aliphatic C1 to C8 alcohol, an aliphatic C8 to C30 ester, and a m xture
thereof; and 15 an acidic buffer system capable of providing a buffered pH

val ue }‘or sai d conposigion A ;tdﬂh%arlatrtgﬂn;sglsuﬁtzggt%? 4&@&%&%& vé&lu?9 |A
tOpI ca COFYp SI tian i accordance w al m ereln sal pO yvyacryllc
Do oifersa e £

aci d polyner said emulsifier is sucrose stearat

28. A topical prostaglandin composition which
comprises:

5 prostaglandin E,;;

a skin penetration enhancer which is an acid
addition salt of a compound selected from the group
consisting of an alkyl-2- (substituted amino)-alkanoate,
a (substituted amino)-alkanol alkanoate, and a mixture

10 thereof;

a polyacrylic acid polymer;

a lipophilic compound which is selected from
the group consisting of an aliphatic C; to Ci alcohol,
an aliphatic Cy to C;, ester, and a mixture thereof; and

15 an acidic buffer system capable of providing a
buffered pH value for said composition in the range of
about 3 to about 7.4.

29. A topical composgition in accordance with

claim 28 wherein said polyacrylic acid polymer is a

20 carbomer.



