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ORAL COMPOSITION FOR DELIVERY OF DRUGS AND OTHER SUBSTANCES
Inventors: Walter A, Shaw, Stephen W. Burgess and Shengrong Li
BACKGROUND

The delivery of active agents, such as therapeutics, to the body can be problematic.
With orally administered drugs, the amount of the agents that reaches the systemic
circulation can be much less than the dose administered. Furthermore, orally delivered drugs
often have poor bioavailability due to a variety of factors (for example, poor solubility in the
gut, degradation and the like). Many attempts to circumvent this problem have been
attempted. However, the art remains in need of improved compositions for the oral delivery
of agents. The present disclosure provides a novel composition for superior solublization of
active agents and for formulating active agents for oral administration.

SUMMARY OF THE DISCLOSURE

The present disclosure provides a composition for the solublization of agents. The
present disclosure also provides a composition for the oral delivery of agents.

In a general aspect, the present disclosure provides for a composition comprising an
agent, a lysophosphatidyl compound and at least one of a monoglyceride and a free fatty
acid.

In a first aspect, the composition comprises a lysophosphatidyl compound of the
formula I and at least one a monoglyceride of the general formula IV, a free fatty acid of the
general formula V, or a combination of a monoglyceride of the general formula IV and a free
fatty acid of the general formula V.,

In a second aspect, the composition comprises a lysophosphatidyl compound of the
formula I and at least one of a monoglyceride of the general formula IVA, a free fatty acid of
the general formula V, or a combination of a monoglyceride of the general formula IVA and

a free fatty acid of the general formula V.
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In a third aspect, the composition comprises a lysophosphatidyl compound of the
formula I and at least one of a monoglyceride of the general formula IVC, a free fatty acid of
the general formula VA, or a combination of a monoglyceride of the general formula IVC
and a free fatty acid of the general formula VA.

In a fourth aspect, the composition comprises a lysophosphatidyl compound of the
formula IT and at least one a monoglyceride of the general formula IV, a free fatty acid of the
general formula V, or a combination of a monoglyceride of the general formula I'V and a free
fatty acid of the general formula V.

In a fifth aspect, the composition comprises a lysophosphatidyl compound of the
formula IT and at least one of a monoglyceride of the general formula IVA., a free fatty acid
of the general formula V, or a combination of a monoglyceride of the general formula IVA
and a free fatty acid of the general formula V.

In a sixth aspect, the composition comprises a lysophosphatidyl compound of the
formula II and at least one of a monoglyceride of the general formula IVC, a free fatty acid
of the general formula VA, or a combination of a monoglyceride of the general formula IVC
and a free fatty acid of the general formula VA.

In a seventh aspect, the composition comprises a lysophosphatidyl compound of the
formula III and at least one a monoglyceride of the general formula IV, a free fatty acid of
the general formula V, or a combination of a monoglyceride of the general formula IV and a
free fatty acid of the general formula V.

In an eighth aspect, the composition comprises a lysophosphatidyl compound of the
formula III and at least one of a monoglyceride of the general formula IVA, a free fatty acid
of the general formula V, or a combination of a monoglyceride of the general formula IVA
and a free fatty acid of the general formula V.

In a ninth aspect, the composition comprises a lysophosphatidyl compound of the

formula III and at least one of a monoglyceride of the general formula IVC, a free fatty acid
2



10

15

20

25

30

CA 02956960 2017-01-31

WO 2016/025401 PCT/US2015/044501

of the general formula VA, or a combination of a monoglyceride of the general formula [IVC
and a free fatty acid of the general formula VA.

In a tenth aspect, the composition comprises a lysophosphatidyl compound of the
formula I, at least one lysophosphatidyl compound of the formula II or I, and at least one a
monoglyceride of the general formula IV, a free fatty acid of the general formula V, or a
combination of a monoglyceride of the general formula IV and a free fatty acid of the
general formula V.

In an cleventh aspect, the composition comprises a lysophosphatidyl compound of
the formula I, at least one lysophosphatidyl compound of the formula II or III, and at least
one of a monoglyceride of the general formula IVA, a free fatty acid of the general formula
V, or a combination of a monoglyceride of the general formula IVA and a free fatty acid of
the general formula V.

In a twelfth aspect, the composition comprises a lysophosphatidyl compound of the
formula I, at least one lysophosphatidyl compound of the formula II or 111, and at least one of
a monoglyceride of the general formula IVC, a free fatty acid of the general formula VA, or
a combination of a monoglyceride of the general formula IVC and a free fatty acid of the
general formula VA,

In a thirteenth aspect, the composition comprises a lysophosphatidyl compound of
the formula 1J, a monoglyceride of the general formula IVC and a free fatty acid of the
general formula VA.

In a fourteenth aspect, the composition comprises a lysophosphatidyl compound of
the formula IID, a monoglyceride of the general formula IVC and a free fatty acid of the
general formula VA.

In a fifteenth aspect, the composition comprises a lysophosphatidyl compound of the
formula IIIC, a monoglyceride of the general formula IVC and a free fatty acid of the

general formula VA,



10

15

20

25

CA 02956960 2017-01-31

WO 2016/025401 PCT/US2015/044501

In any of the foregoing aspects, the composition is in the form of a eutectic.

In any of the foregoing aspects, the composition is useful for solubilizing an agent.
In one embodiment, the agent is one that exhibits poor aqueous solubility. In another
embodiment, the agent is one at which the dose strength required for treatment of a subject is
not soluble in 100 ml of aqueous solution over a pH range of 1 to 7. In another embodiment,
the agent is one at which the dose strength required for treatment of a subject is not soluble
in 250 ml of aqueous solution over a pH range of 1 to 7. In another embodiment, the agent
is a BCS class II or IV agent. In another embodiment the compounds is a BCS class IlI
compound.

In any of the foregoing aspects, the composition further comprises an agent, wherein
the agent is solubilized in the composition. In one embodiment, the composition and the
agent form a eutectic. In one embodiment, the agent is one that exhibits poor aqueous
solubility, In another embodiment, the agent is one at which the dose strength required for
treatment of a subject is not soluble in 100 ml of aqueous solution over a pH range of 1 to 7.
In another embodiment, the agent is one at which the dose strength required for treatment of
a subject is not soluble in 250 ml of aqueous solution over a pH range of 1 to 7. In another
embodiment, the agent is a BCS class II or IV agent. In another embodiment the
compounds is a BCS class III compound.

In any of the foregoing aspects, the composition further comprises an agent and the
composition is used for oral delivery of the agent to a subject. In one embodiment, the
composition and the agent form a eutectic. In one embodiment, the agent is one that exhibits
poor aqueous solubility. In another embodiment, the agent is one at which the dose strength
required for treatment of a subject is not soluble in 100 mi of aqueous solution over a pH
range of 1 to 7. In another embodiment, the agent is one at which the dose strength required

for treatment of a subject is not soluble in 250 ml of aqueous solution over a pH range of 1 to
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7. In another embodiment, the agent is a BCS class Il or IV agent. In another embodiment
the compounds is a BCS class III compound.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows differential scanning calorimetry of a sample of curcumin.
FIG. 2 shows differential scanning calorimetry of a lipid mixture comprising
lysophosphatidylglycerol (14:0), monoglyceride (14:0) and fatty acid (14:0).
FIG. 3 shows differential scanning calorimetry of a mixture of curcumin and a lipid mixture
comprising lysophosphatidylglycerol (14:0), monoglyceride (14:0) and fatty acid (14:0).
FIG. 4 shows differential scanning calorimetry of a lipid mixture comprising
lysophosphatidylcholine (14:0), monoglyceride (14:0) and fatty acid (14:0).
FIG. 5 shows differential scanning calorimetry of a mixture of curcumin and a lipid mixture
comprising lysophosphatidylcholine (14:0), monoglyceride (14:0) and fatty acid (14:0).
DETAILED DESCRIPTION

Terms defined herein have meanings as commonly understood by a person of
ordinary skill in the areas relevant to the present invention. Terms such as “a”, “an” and
“the” are not intended to refer to only a singular entity, but include the general class of which
a specific example may be used for illustration. The terminology herein is used to describe
specific embodiments of the invention, but their usage does not delimit the invention, except
as outlined in the claims.

In its most general embodiment, the present disclosure provides a composition
suitable for solubilizing an agent comprising a lysophosphatidyl compound of the general
formulal, T orI1I, a monoglyéeride of the formula IV and a free fatty acid of the formula V.

Lysophosphatidyl Compounds

In one embodiment of the foregoing composition, the lysophosphatidyl compound

has the general formula I:
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2 i
R1/”\O/ Linker \O/r\O\R
o} 2 ]
wherein,

R, is a saturated or unsaturated carbon chain;

R, is H, substituted or unsubstituted acyl, substituted or unsubstituted alkyl, substitutéd or
unsubstituted aryl, substituted or unsubstituted alkene, substituted or unsubstituted alkyne or
an amino acid moeity; and,

Linker is a linking portion.

As stated above, R; is a saturated or unsaturated carbon chain. In one embodiment,
R, is a saturated carbon chain. In another embodiment, R; is an unsaturated carbon chain;
when R is an unsaturated carbon chain, the carbon chain may contain from 1 to 6, from 1 to
4 or from 1 to 3 double or triple bonds. In one embodiment, R; is an unsaturated carbon
chain; containing from 1 to 6, from 1 to 4 or from 1 to 3 double bonds. Such unsaturated
carbon chains may be present in the cis or trans configuration, or a mixture of cis and trans
configuration.

In another embodiment, R, is a carbon chain up to 5 carbons in length, a carbon chain
from 6 to 12 carbons in length, a carbon chain from 13-21 carbons in length and a carbon
chain greater than 22 carbons in length. In a particular aspect, R, is a carbon chain from 13
to 21 carbons in length. Such carbon chain, regardless of the length, includes both even and
odd chain lengths and may be saturated or unsaturated; in one embodiment, the carbon chain
is saturated. In another embodiment, R, is a carbon chain of 3,4, 5,6, 7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 or more carbons, which are
saturated or unsaturated. In another embodiment, Ry is a carbon chain of 3, 4, 5,6, 7, 8§, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 carbons, which are saturated or unsaturated. In

another embodiment, R; is a carbon chain of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21
' 6
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carbons, which are saturated or unsaturated. In another embodiment, R; is a carbon chain of
12, 13, 14, 15 or 16, carbons, which are saturated or unsaturated. in another embodiment, R,
is a carbon chain of 13 carbons, which is saturated.

Non-limiting exemplary lysophosphatidyl compounds for use with the presént
invention include lauroyl-lysophosphatidyl compounds, myristoyllysophosphatidyl
compounds, palmitoyl-lysophosphatidyl compounds, stearoyl-lysophosphatidyl compounds,
arachidoyl-lysophosphatidyl compounds, oleoyl-lysophosphatidyl compounds,
linoleoyllysophosphatidyl compounds, linolenoyl-lysophosphatidyl compounds and erucoyl
lysophosphatidyl compounds.

In one embodiment, R, is a substituted alkyl chain. In one embodiment, R, is a
substituted alkyl chain from 1 to 10 carbons. In one embodiment, R; i.s a substituted alkyl
chain, for example a substituted alkyl chain from 1 to 10 carbons, wherein the alkyl chain is
substituted by one or more, 1 to 5 or 1 to 2 hydroxy groups, substituted N groups or NHj
groups. In a particular embodiment, the substituted N group is substituted by 1 to 3 C1-C6
alkyl groups. In another embodiment, R; is -(CHa),-(N)(CH3)s3, -CH,-CH(OH)-CH,-CH(OH)
or (CH),-NH;. In one embodiment, R; does not contain a N group. In one embodiment, R,
is not -(CHa)2-(N)(CHs)s.

In one embodiment, the R, group is an amino acid moiety of the formula -CH,.
CH(R3)- C=0(0"), where Rs3 is a side chain of a naturally occurring or non-naturally
occurring amino acid. In a particular embodiment, R3 is —NH3.

In one aspect of the foregoing, the linker is a non-immunogenic, hydrophilic
polymer. Representative hydrophilic polymers include, but are not limited to, linear or
branched poly(dextran), linear or branched poly(cellulose), linear and branched
poly(ethylene glycol), linear and branched poly(alkylene oxide), linear and branched
poly(vinyl pyrrolidone), linear and branched poly(vinyl alcohol), linear and branched

polyoxazoline, linear and branched poly(acryloylmorpholine), and derivatives thereof. In one
7
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- aspect of the foregoing, the linker is linear poly(ethylene glycol). In any of the foregoing, the

repeating units of the polymer may vary from 1 to 50, more particularly from 1 to 25, from 1

to 15, from 1 to 8 or from 1-3.
In one aspect of the foregoing, the linker is a glycerol moiety or a substituted or

unsubstituted alkyl chain and the lysophosphatidyl compound has a structure of the general

formula IA or IB.
| S
/P\
RO o Osg,
HO H @ IA
O
T ]
O AR ON
Ri O/H}/ & R IB

Wherein R; and R, are as defined above and n is from 1 to 20, 1 to 10 or 1 to 6. In a
particular aspect, nis 1 to 6 1 to 4 or 1 to 2 and the alkyl chain is an unsubstituted alkyl
chain,

In one embodiment, the lysophosphatidyl compound is a lysophosphatidylglycerol.
In another aspect, the lysophosphatidylglycerol is 1-myristoyl-2-hydroxy-sn-glycero-3-
phospho-(1°-rac-glycerol). Representative lysophosphatidylglycerol compounds include

those shown below IC to IE, wherein R, and n are as defined above.

i | Q OH
R o Hnker \0’5\0\/K/OH
IC
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In a particular embodiment, R, is a saturated carbon chain of 13 carbons in length.
In a particular embodiment, the lysophosphatidyl compound has the structure 1J:
O
/\/\/\/\/\/\)l\ CI? T
O/\\\,(\O/ 53\ 0O \)\/OH
10 HO H O

In one embodiment, the lysophosphatidyl compound is a lysophosphatidylcholine. In
another aspect, the lysophosphatidylcholine is 1-myristoyl-2-hydroxy-sn-glycero-3-
phosphocholine. Representative lysophosphatidylcholine compounds include those shown

15  below IF and IH, wherein R and n are as defined above.

Q i
_Linker ~A—P~
R1/U\O InKer o) I_ O\/\N-(
O | IF
B i
[
Ri O/E(\O/}D\O\/\qu
O
2 o]
O~} 0 -
R1 O’Hn\/ O/' \/\ITP_\ N



10

15

20

25

CA 02956960 2017-01-31

WO 2016/025401 , PCT/US2015/044501

In a particular embodiment, R; is a saturated carbon chain of 13 carbons in length

and the compound has the structure IK

O 0
/\/\/\/\/\/\)J\ L
07\ oo~

In another embodiment of the foregoing composition, the lysophosphatidyl

compound has the general formula II:

I
_Linker «A—P~
O 2 il
wherein,

R, is as defined above in the general formula I;
R;; is a saturated or unsaturated carbon chain; and
Linker is a linking portion.

As stated above, Ry is a saturated or unsaturated carbon chain. In one embodiment,
Ry is a saturated carbon chain. In another embodiment, Ry; is an unsaturated carbon chain;
when R;; is an unsaturated carbon chain, the carbon chain may contain from 1 to 6, from 1 to
4 or from 1 to 3 double or triple bonds. In one embodiment, R;; is an unsaturated carbon
chain; containing from 1 to 6, from 1 to 4 or from 1 to 3 double bonds. Such unsaturated
carbon chains may be present in the cis or trans configuration, or a mixture of cis and trans
configuration.

In another embodiment, Ry is a carbon chain up to 5 carbons in length, a carbon
chain from 6 to 12 carbons in length, a carbon chain from 13-21 carbons in length and a
carbon chain greater than 22 carbons in length. In a particular aspect, R;; is a carbon chain
from 13 to 21 carbons in length, Such carbon chain, regardless of the length, includes both

even and odd chain lengths and may be saturated or unsaturated; in one embodiment, the

10
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carbon chain is saturated. In another embodiment, R;; is a carbon chain of 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 or more
carbons, which are saturated or unsaturated. In another embodiment, Ry, is a carbon chain of
3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 carbons, which are saturated
or unsaturated. In another embodiment, Ry; is a carbon chain of 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20 or 21 carbons, which are saturated or unsaturated. In another embodiment, Rl;
is a carbon chain of 12, 13, 14, 15 or 16, carbons, which are saturated or unsaturated. In
another embodiment, R;; is a carbon chain of 14 carbons, which is saturated.

In one aspect of the foregoing, the linker is a non-immunogenic, hydrophilic
polymer. Representative hydrophilic polymers include, but are not limited to, linear or
branched poly(dextran), linear or branched poly(cellulose), linear and branched
poly(ethylene glycol), linear and branched poly(alkylene oxide), linear and branched
poly(vinyl pyrrolidone), linear and branched poly(vinyl alcohol), linear and branched
polyoxazol/ine, linear and branched poly(acryloylmorpholine), and derivatives thereof. In one
aspect of the foregoing, the linker is linear poly(ethylene glycol). In any of the foregoing, the
repeating units of the polymer may vary from 1 to 50, more particularly from 1 to 25, from 1
to 15, from 1 to 8 or from 1 to 3.

In one aspect of the foregoing, the linker is an alkyl chain and the lysophosphatidyl

compound has a structure of the general formula ITA.

i
P~
O O
— H\/ / "R
RmO% ™ o T2 1A

wherein R;; and R, are as defined above and n is from 1 to 20, 1 to 10 or 1 to 6.
In a particular aspect, nis 1 to 6. 1 to 4 or 1 to 2. Compounds of the formula IIA have

the advantage that the lysophosphatidyl compounds are not hydrolyzable or are resistant to

11
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5 being hydrolyzed (when compared to compounds of the general formula I) when
administered to subjects, including human subjects.
Representative lysophosphatidyl compounds represented by the general structure TIA

include those shown below as IIB and IIC, wherein R;; and n are as defined above.

Q OH
O/P\O\J/L\/OH
Ry —0 T
10 n O 1B
O
II
o-P-o -
R1 1_Ohn\/ é_ ~ N+\
l it
In a particular embodiment, Ry; is a saturated carbon chain of 14 carbons in length
and the compound has the structure [ID or IIE:
Q OH
o—P-o OH
/\/\/\/\/\/\/\O/{"l\/ | ]
n O
15 1D

O

—P~
/\/\/\/\/\/\/\O’H\/O | O~ N~
n o | ™ IIE

In another embodiment of the foregoing composition, the lysophosphatidyl

compound has the general formula III:

O
1

O Ra

111
20  wherein,

R, is as defined above in the general formula I; and

12



10

15

20

25

CA 02956960 2017-01-31

WO 2016/025401 PCT/US2015/044501

Ry is a saturated or unsaturated carbon chain.

As stated above, R g is a saturated or unsaturated carbon chain. In one embodiment,
Rio is a saturated carbon chain. In another embodiment, Ry is a an unsaturated carbon chain;
when R is an unsaturated carbon chain, the carbon chain may contain from 1 to 6, from 1 to
4 or from 1 to 3 double or triple bonds. In one embodiment, R is a an unsaturated carbon
chain; containing from 1 to 6, from 1 to 4 or from 1 to 3 double bonds. Such unsaturated
carbon chains may be present in the cis or trans configuration, or a mixture of cis and trans
configuration.

In another embodiment, Ry, is a carbon chain up to 5 carbons in length, a carbon
chain from 6 to 12 carbons in length, a carbon chain from 13-21 carbons in length and a
carbon chain greater than 22 carbons in length. In a particular aspect, Ry is a carbon chain
from 13 to 21 carbons in length. Such carbon chain, regardless of the length, includes both
even and odd chain lengths and may be saturated or unsaturated; in one embodiment, the
carbon chain is saturated. In another embodiment, Ry is a carbon chain of 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 or more
carbons, which are saturated or unsaturated. In another embodiment, R is a carbon chain of
3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 carbons, which are saturated
or unsaturated. In another embodiment, Rjy is a carbon chain of 10, 11, 12, 13, 14, 15, 16,
17, 18,19, 20 or 21 carbons, which are saturated or unsaturated. In another embodiment, Ryq
is a carbon chain of 12, 13, 14, 15 or 16 carbons, which are saturated or unsaturated. In
another embodiment, R is a carbon chain of 14 carbons, which is saturated.

Representative lysophosphatidyl compounds represented by the general structure III

include those shown below IIIA and I1IB, wherein Ry is as defined above.

Q OH
R1O—O/F\O\)\/OH
O TIIA

13
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R10—0/|/D\O\/\N+’
- ~
O | [IIB

In a particular embodiment, Ry, is a saturated carbon chain of 14 carbons in length

and the compound has the structure I1IC or IID:

Q OH
/\/\/\/\/\/\/\ ——~
O }D O\)\/OH
O e
O
IIZ!
/\/\/\/\/\/\/\ -~
O / O\/\N+/
O |\
508D

Monoglycerides

Monoglycerides are composed of a glycerol molecule wherein the glycerol molecule
has formed an ester bond with exactly one fatty acid molecule. Monoglycerides are also
referred to as acylglycerol and monoacylglycerol. Monoglycerides for use in the present
disclosure have the general formula I'V:

R4O/\(\OR6

ORs5 v

wherein: one of R4, Rs and Rg is -C(O)-Ry and the remaining are each independently selected
from H or Rg, wherein Ry is a saturated or unsaturated carbon chain and Rg is saturated or
unsaturated carbon chain from 1 to 10 carbons in length.

As stated above, Ry is a saturated or unsaturated carbon chain. In one embodiment,
R, is a saturated carbon chain. In another embodiment, R; is an unsaturated carbon chain;
when. R5 is an unsaturated carbon chain, the carbon chain may contain from 1 to 6, from 1 to
4 or from 1 to 3 double or triple bonds. In one embodiment, R; is an unsaturated carbon

chain; containing from 1 to 6, from 1 to 4 or from 1 to 3 double bonds. Such unsaturated
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carbon chains may be present in the cis or trans configuration, or a mixture of cis and trans
configuration.

In another embodiment, R; is a carbon chain up to 5 carbons in length, a carbon chain
from 6 to 12 carbons in length, a carbon chain from 13-21 carbons in length and a carbon
chain greater than 22 carbons in length. In a particular aspect, Ry is a carbon chain from 13
to 21 carbons in length. Such carbon chain, regardless of the lengfh, includes both even and
odd chain lengths and may be saturated or unsaturated; in one embodiment, the carbon chain
18 saturated. In andther embodiment, Ry is a carbon chain of 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13,
14, 15, 16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 or more carbons, which are
saturated or unsaturated. In another embodiment, Ry is a carbon chain of 3, 4, 5, 6, 7, 8, 9,
10,11, 12,13, 14, 15, 16, 17, 18, 19, 20 or 21 carbons, which are saturated or unsaturated. In
another embodiment, R~ is a carbon chain of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21
carbons, which are saturated or unsaturated. In another embodiment, R is a carbon chain of
12, 13, 14, 15 or 16, carbons, which are saturated or unsaturated. In another embodiment, R;
is a carbon chain of 13 carbons, which is saturated.

In one embodiment, one of R4, R5 and Rg is -C(O)-R7 and the remaining are H. In one
embodiment, one of R4, Rs and R4 is -C(O)-R7 and the remaining are independently H or
saturated carbon chain from 1 to 4 or 1 to 2 carbons in length.

A monoacylglycerol is either a 1-monoacylglycerol or a 2-monoacylglycerol,
depending on the position of the ester bond on the glycerol moiety. In one embodiment, the
monoglyceride is a 1-monoacylglycerol. Representative 1-monoacylglycerols and 2-
monoacylglycerols are shown below having the general formula IVA and IVB respectively,

wherein R 1s as defined above.

OH IVA
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0O

R7

s HO OH IVB

In a particular embodiment, Ry is a saturated carbon chain of 13 carbons in length. In

a particular embodiment, the monoglyceride compound has the structure IVC.

0O

O/\|/\OH

OH vVC

Non-limiting exemplary monoglyceride compounds for use with the present
10 invention include, but are not limited to, rnonoglycerides in which the esterified fatty acid is
lauric acid, tridecylic acid, myristic acid, pentadecylic acid, palmitic acid, margaric acid,
stearic acid, myristoleic acid, palmitoleic acid, sapienic acid, oleic acid, elaidic acid,
stearidonic acid, vaccenic acid, linoleic acid, linoelaidic acid, y-linolenic acid and a-linolenic

acid.

15  Free Fatty Acids

Free fatty acids for use in the present disclosure have the general formula V

o)

PN

Rg~ “OH | .
wherein Ry is a saturated or unsaturated carbon chain.

20 As stated above, Ry is a saturated or unsaturated carbon chain. In one embodiment,
Ry is a saturated carbon chain. In another embodiment, R is a an unsaturated carbon chain;
when Ry is an unsaturated carbon chain, the carbon chain may contain from 1 to 6, from 1 to
4 or from 1 to 3 double or triple bonds. In one embodiment, Ry is a an unsaturated carbon

chain; containing from 1 to 6, from 1 to 4 or from 1 to 3 double bonds. Such unsaturated
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carbon chains may be present in the cis or trans configuration, or a mixture of cis and trans
configuration.

In another embodiment, Ry is a carbon chain up to 5 carbons in length, a carbon chain
from 6 to 12 carbons in length, a carbon chain from 13-21 carbons in length and a carbon
chain greater than 22 carbons in length. In a particular aspect, Ry is a carbon chain from 13
to 21 carbons in length. Such carbon chain, regardless of the length, includes both even and
odd chain lengths and may be saturated or unsaturated; in one embodiment, the carbon chain
is saturated. In another embodiment, Ry is a carbon chain of 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13,
14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 or more carbons, which are
saturated or unsaturated. In another embodiment, Ry is a carbon chain of 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 carbons, which are saturated or unsaturated. In
another embodiment, Ry is a carbon chain of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21
carbons, which are saturated or unsaturated. In another embodiment, Ry is a carbon chain of
12, 13, 14, 15 or 16, carbons, which are saturated or unsaturated. In another embodiment, Ro
is a carbon chain of 13 carbons, which is saturated.

In a particular embodiment, Ry is a saturated carbon chain of 13 carbons in length.
In one embodiment, the fatty acid compound has the structure VA.

O

/\/\/\/\/\/\)1\0H VA

Non-limiting exemplary free fatty acids for use with the present disclosure include,
but are not limited to, lauric acid, tridecylic acid, myristic acid, pentadecylic acid, palmitic
acid, margaric acid, stearic acid, myristoleic acid, palmitoleic acid, sapienic acid, oleic acid,
elaidic acid, stearidonic acid, vaccenic acid, linoleic acid, linoclaidic acid, y-linolenic acid

and a-linolenic acid.

Compositions

17



10

15

20

25

CA 02956960 2017-01-31

WO 2016/025401 PCT/US2015/044501

In first embodiment, the composition comprises a lysophosphatidyl compound of the
formula I and at least one a monoglyceride of the general formula IV, a free fatty acid of the
general formula V, or a combination of a monoglyceride of the general formula IV and a free
fatty acid of the general formula V.

In a second embodiment, the composition comprises a lysophosphatidyl compound
of the formula I and at least one of a monoglyceride of the general formula IVA, a free fatty
acid of the general formula V, or a combination of a monoglyceride of the general formula
IVA and a free fatty acid of the general formula V.

In a third embodiment, the composition comprises a lysophosphatidyl compound of
the formula I and at least one of a monoglyceride of the general formula IVC, a free fatty
acid of the general formula VA, or a combination of a monoglyceride of the general formula
IVC and a free fatty acid of the general formula VA.

In the foregoing first through third embodiments, the lysophosphatidyl compound of
the formula I may be a compound of the formula IA or IB or a combination of the foregoing.
In the foregoing first through third embodiments, the lysophosphatidyl compound of the
formula I may be a compound of the formula IC, ID, IE, 1J, or a combination of the
foregoing. Further, in the foregoing first through third embodiments, the lysophosphatidyl
compound of the formula I may be a compound of the formula IF, IG, IH, IK or a
combination of the foregoing. Further, in the foregoing first through third embodiments, the
lysophosphatidyl compound of the formula I may be a compound of the formula IC, ID, IE,
1J, IF, 1G, IH, IK or a combination of the foregoing. Further, in the foregoing first through
third embodiments, the lysophosphatidyl compound of the formula I may be a compound of
the formula IC, ID, IE, 1J, IH or a combination of the foregoing. Still further, in the
foregoing first through third embodiments, the lysophosphatidyl compound of the formula I

may be a compound of the formula 1J.
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In the foregoing first through third embodiments, the composition comprises, a
lysophosphatidyl compound, a monoglyceride and a free fatty acid. In the foregoing first
through third embodiments, the alkyl chain of the lysophosphatidyl compound (R,) is of an
equal length as the alkyl chains of the free fatty acid (Ro) and monoglyceride (one of Ry, Rs
and Rg).

In a fourth embodiment, the composition comprises a lysophosphatidyl compound of
the formula II and at least one a monoglyceride of the general formula IV, a free fatty acid of
the general formula V, or a combination of a monoglyceride of the general formula IV and a
free fatty acid of the general formula V.

In a fifth embodiment, the composition comprises a lysophosphatidyl compound of
the formula II and at least one of a monoglyceride of the general formula IVA, a free fatty
acid of the general formula V, or a combination of a monoglyceride of the general formula
IVA and a free fatty acid of the general formula V.

In a sixth embodiment, the composition comprises a lysophosphatidyl compound of
the formula II and at least one of a monoglyceride of the general formula IVC, a free fatty
acid of the general formula VA, or a combination of a monoglyceride of the general formula
IVC and a free fatty acid of the general formula VA.

In the foregoing fourth through sixth embodiments, the lysophosphatidyl compound
of the formula II may be a compound of the formula IIA. Further, in the foregoing fourth
through sixth embodiments, the lysophosphatidyl compound of the formula I may be a
compound of the formula IIB, IIC or a combination of the foregoing. Still further, in the
foregoing fourth through sixth embodiments, the lysophosphatidyl compound of the formula
II may be a compound of the formula IID or IIE. Still further, in the foregoing fourth through
sixth embodiments, the lysophosphatidyl compound of the formula II may be a compound of
the formula IID. Still further, in the foregoing fourth through sixth embodiments, the

lysophosphatidyl compound of the formula II may be a compound of the formula IIE.
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In the foregoing fourth through sixth embodiments, the composition comprises a
lysophosphatidyl compound, a monoglyceride and a free fatty acid. In the foregoing fourth
through sixth embodiments, the alkyl chain of the lysophosphatidyl compound (Ry;) is of an
equal length as the alkyl chains of the free fatty acid (Rg) and monoglyceride (one of R4, Rs
and Rg).

In a seventh embodiment, the composition comprises a lysophosphatidyl compound
of the formula III and at least one a monoglyceride of the general formula IV, a free fatty
acid of the general formula V, or a combination of a monoglyceride of the general formula
IV and a free fatty acid of the general formula V.

In an eighth embodiment, the composition comprises a lysophosphatidyl compound
of the formula III and at least one of a monoglyceridé of the general formula IVA, a free
fatty acid of the general formula V, or a combination of a monoglyceride of the general
formula IVA and a free fatty acid of the general formula V.

In a ninth embodiment, the composition comprises a lysophosphatidyl compound of
the formula III and at least one of a monoglyceride of the general formula IVC, a free fatty
acid of the general formula VA, or a combination of a monoglyceride of the general formula
IVC and a free fatty acid of the general formula VA.

In the foregoing seventh through ninth embodiments, the lysophosphatidyl compound
of the formula III may be a compound of the formula IIIA, IIIB or a combination of the
foregoing. Further, in the foregoing seventh throqgh ninth embodiments, the
lysophosphatidyl compound of the formula III may be a compound of the formula IIIC or
IIID. Further, in the foregoing seventh through ninth embodiments, the lysophosphatidyl
compound of the formula IIT may be a compound of the formula HIC. Further, in the
foregoing seventh through ninth embodiments, the lysophosphatidyl compound of the

formula ITT may be a compound of the formula IIID.
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In the foregoing seventh through ninth embodiments, the composition comprises a
lysophosphatidyl compound, a monoglyceride and a free fatty acid. In the foregoing seventh
through ninth embodiments, the alkyl chain of the lysophosphatidyl compound (R;g) is of an
equal length as the alkyl chains of the free fatty acid (Ro) and monoglyceride (one of Ry, Rs
and R)

In a tenth embodiment, the composition comprises a lysophosphatidyl compound of
the formula I, at least one lysophosphatidyl compound of the formula II or III, and at least
one a monoglyceride of the general formula IV, a free fatty acid of the general formula V, or
a combination of a monoglyceride of the general formula IV and a free fatty acid of the
general formula V.

In an eleventh embodiment, the composition comprises a lysophosphatidyl
compound of the formula I at least one lysophosphatidy] compound of the formula II or III,
and at least one of a monoglyceride of the general formula IVA, a free fatty acid of the
general formula V, or a combination of a monoglyceride of the general formula IVA and a
free fatty acid of the general formula V.

In a twelfth embodiment, the composition comprises a lysophosphatidyl compound
of the formula I at least one lysophosphatidyl compound of the formula II or III, and at least
one of a monoglyceride of the general formula IVC, a free fatty acid of the general formula
VA, or a combination of a monoglyceride of the general formula IVC and a free fatfcy’ acid of
the general formula VA.

In the foregoing tenth through twelfth embodiments, the composition may comprise a
lysophosphatidyl compound of the formula T and a lysophosphatidyl compound of the
formula I1, a lysophosphatidyl compound of the formula I and a lysophosphatidyl compound
of the formula III or a lysophosphatidyl compound of the formula I and a lysophosphatidyl

compound of the formula IT and III.

21



10

15

20

25

CA 02956960 2017-01-31

WO 2016/025401 PCT/US2015/044501

In the foregoing tenth th;ough twelfth embodiments, the lysophosphatidyl compound
of the formula I may be: (i) a compound of the formula IA or IB or a combination of the
foregoing; (ii) a compound of the formula IC, ID, 1E, 1J, IF, IG, IH, 1K or a combination of
the foregoing; (iii) a compound of the formula IC, ID, 1E, 1J or a combination of the
foregoing; (iv) a compound of the formula IF, 1G, IH, IK or a combination of the foregoing;
or (v) a compound of the formula IJ.

In the foregoing tenth through twelfth embodiments, the lysophosphatidyl compound
of the formula II may be: (i) a compound of the formula ITA; (ii) a compound of the formula
I1B, IIC or a combination of the foregoing; (iii) a compound of the formula IID or IIE; (iv) a
compound of the formula IID; or (v) a compound of the formula ITE

In the foregoing tenth through twelfth embodiments, the lysophosphatidyl compound
of the formula III may be: (i) a compound of the formula IITA, I1IB or a combination of the
foregoing; (ii) a compound of the formula HIC or IIID; (iii) a compound of the formula HIC;
or (iv) a compound of the formula IIID.

In the foregoing tenth through twelfth embodiments, the composition comprises a
lysophosphatidyl compound of the formula IJ and a lysophosphatidyl compound of the
formula IID, a lysophosphatidyl compound of the formula 1J and a lysophosphatidyl
compound of the formula IIIC, or a lysophosphatidyl compound of the formula 1, a
lysophosphatidyl compound of the formula IID and a lysophosphatidyl compound of the
formula IIIC.

In the foregoing tenth through twelfth embodiments, the composition comprises, at
least one lysophosphatidyl compound in the combinations as described above, a
monoglyceride and a free fatty acid. In the foregoing tenth through twelfth embodiments, the
alkyl chain of the lysophosphatidyl compound (R, Rjo or Ryy) is of an equal length as the

alkyl chains of the free fatty acid (Ro) and monoglyceride (one of R4, Rs and Re)
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In a thirteenth embodiment, the composition comprises a lysophosphatidyl compound
of the formula 1J, a monoglyceride of the general formula IVC and a free fatty acid of the
general formula VA.

In a fourteenth embodiment, the composition comprises a lysophosphatidyl
compound of the formula IID, a monoglyceride of the general formula IVC and a free fatty
acid of the general formula VA,

In a fifteenth embodiment, the composition comprises a lysophosphatidyl compound
of the formula ITIC, a monoglyceride of the general formula IVC and a free fatty acid of the
general formula VA.

In a sixteenth embodiment, the composition comprises a lysophosphatidyl compound
of the formula IJ and at least one lysophosphatidyl compound of the formula IID or IIIC, a
monoglyceride of the general formula IVC and a free fatty acid of the general formula VA.

In a seventeenth embodiment, the composition comprises a lysophosphatidyl
compound of the formula IJ and a lysophosphatidyl compound of the formula IID, a
monoglyceride of the general formula IVC and a free fatty acid of the general formula VA,

In an eighteenth embodiment, the composition comprises a lysophosphatidyl
compound of the formula IJ and a lysophosphatidyl compound of the formula IIIC, a
monoglyceride of the general formula IVC and a free fatty acid of the general formula VA.

In a nineteenth embodiment the composition comprises a lysophosphatidyl
compound of the formula 1J and a lysophosphatidy! compound of the formula IID and IIIC, a
monoglyceride of the general formula IVC and a free fatty acid of the general formula VA.

In the foregoing first through nineteenth embodiments, the composition may form a
eutectic.

Solublization of Agents in Compounds

The composition of the present disclosure is adapted for solublization of agents.
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In a twentieth embodiment, the composition further comprises an agent, wherein the

agent is solubilized in any one of the compositions of embodiments 1-19 above.

In a twenty-first embodiment, the composition further comprises an agent, wherein
the agent is solubilized in composition of embodiment 13 above.

In twenty-second embodiment, the composition further comprises an agent, wherein
the agent is solubilized in composition of embodiment 14 above.

In twenty-third embodiment, the composition further comprises an agent, wherein the
agent is solubilized in composition of embodiment 15 above.

In twenty-fourth embodiment, the composition further comprises an agent, wherein
the agent is solubilized in compbsition of embodiment 16 above.

In twenty-fifth embodiment, the composition further comprises an agent, wherein the
agent is solubilized in composition of embodiment 17 above.

In twenty-sixth embodiment, the composition further comprises an agent, wherein the
agent is solubilized in composition of embodiment 18 above.

In twenty-seventh embodiment, the composition further comprises an agent, wherein
the agent is solubilized in composition of embodiment 19 above.

In the foregoing twentieth through twenty-seventh embodiments, the agent may be
one that exhibits poor aqueous solubility. In the foregoing twentieth through twenty-seventh
embodiments, the agent may be one at which the dose strength required for treatment of a
subject is not soluble in 100 ml of aqueous solution over a pH range of 1 to 7.

In the foregoing twentieth through twenty-seventh embodiments, the agent may be
one at which the dose strength required for treatment of a subject is not soluble in 250 ml of
aqueous solution over a pH range of 1 to 7. In the foregoing twentieth through twenty-
seventh embodiments, the agent may be a BCS class Il or IV agent. In the foregoing

twenticth through twenty-seventh embodiments, the agent may be a BCS class III
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compound. In the foregoing twentieth through twenty-seventh embodiments, the
composition and the agent may form a eutectic.

Compounds for Oral Administration of Agents

The composition of the present disclosure is adapted for oral delivery of agents.

In a twenty-eighth embodiment, the composition fﬁrther comprises an agent, wherein
the agent is solubilized in any one of the compositions of embodiments 1-19 above and the
composition is used for oral delivery of the agent to a subject.

In a twenty-ninth embodiment, the composition further comprises an agent, wherein
the agent is solubilized in the compositions of embodiment 13 above and the composition is
used for oral delivery of the agent to a subject.

In a thirtieth embodiment, the composition further comprises an agent, wherein the
agent is solubilized in the compositions of embodiment 14 above and the composition is
used for oral delivery of the agent to a subject.

In a thirty-first embodiment, the composition further comprises an agent, wherein the
agent is solubilized in the compositions of embodiment 15 above and the composition is
used for oral delivery of the agent to a subject.

In a thirty-second embodiment, the composition further comprises an agent, wherein
the agent is solubilized in the compositions of embodiment 16 above and the composition is
used for oral delivery of the agent to a subject.

In a thirty-third embodiment, the composition further comprises an agent, wherein
the agent is solubilized in the compositions of embodiment 17 above and the composition is
used for oral delivery of the agent to a subject.

In a thirty-fourth embodiment, the composition further comprises an agent, wherein
the agent is solubilized in the compositions of embodiment 18 above and the composition is

used for oral delivery of the agent to a subject.
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In a thirty-fifth embodiment, the composition further comprises an agent, wherein the
agent is solubilized in the compositions of embodiment 19 above and the composition is
used for oral delivery of the agent to a subject.

In the foregoing twenty-eighth through thirty-fifth embodiments, the agent may be

one that exhibits poor aqueous solubility. In the foregoing twenty-eighth through thirty-fifth

" embodiments, the agent may be one at which the dose strength required for treatment of a

subject is not soluble in 100 ml of aqueous solution over a pH range of 1 to 7. In the
foregoing twenty-eighth through thirty-fifth embodiments, the agent may be one at which the
dose strength required for treatment of a subject is not soluble in 250 m! of aqueous solution
over a pH range of 1 to 7. In the foregoing twenty-eighth through thirty-fifth embodiments,
the agent may be a BCS class IT or IV agent. In the foregoing twenty-eighth through thirty-
fifth embodiments, the agent may be a BCS class Il compound. In the foregoing twenty-
eighth through thirty-fifth embodiments, the composition and the agent may form a eutectic.
Compositions for the oral delivery of agents may be used in combination with
ancillary égents that improve the bioavailability of the composition and/or agent. In one
embodiment, the ancillary agent is an inhibitor of a small intestine efflux transporter (i.e., a
small intestine efflux inhibitor). Representative small intestine efflux transporters include,
but are not limited to, transporters of the ABC family such as MDR1 (P-glycoprotein,P-
gp, ABCBI), BCRP (ABCG2), and MRP2 (ABCC2). In one embodiment, the small
intestine efflux inhibitor is selected from the group consisting of verapamil, cyclosporin A,
cyclosporine D, erythromycin, quinine, fluphenazine, reserpine, progesterone, tamoxifen,
mitotane, annamycin, biricodar, elacridar, tariquidar and zosuquidar. The ancillary agents
may be a part of the composition. The ancillary agent may separate from the composition.
In one embodiment, the ancillary agent is administered before a composition of the present
disclosure. In one embodiment, the ancillary agent is administered at the same time or after

a composition of the present disclosure.
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Therefore, in the twenty-eighth through thirty-fifth embodiments, the composition
may be administered with an ancillary agent.

Ratios of Components

As discussed above, the free (non-esterified) fatty acids and the esterified fatty acids
of the monoglyceride and lysophosphatidyl components may be saturated or unsaturated. If
the free fatty acids of the composition are saturated, sufficient quantities of mono-valent and
divalent cations may be optionally added to form fatty acid salts. In one embodiment, the
cations are present at a molar concentration of approximately one-half of the molar amount
of the fatty acid. Suitable cations include sodium and calcium ions. Furthermore the
lysophosphatidyl compounds and monoglyceride compounds of the present disclosure may
be present as salts as well.

In one embodiment, the free fatty acid and monoglyceride are present in the
composition in a molar ratio of between about 2:1 and 1:2 (including any subrange
therebetween, such as 1:1). In one embodiment, the free fatty acid and monoglyceride
comprise from about 70 mole to 99 mole percent of the composition, with the
lysophosphatidyl compound comprising from about 30 mole percent to 1 mole percent of the
composition. The above mole percentages are expressed with regard to the lipid components
of the composition.

In an exemplary embodiment of the composition the free fatty acid and
monoglyceride are present in the composition in a molar ratio of about 2:1 and the
lysophosphatidyl compound comprises from about 5 to 20 mole percent. In another
exemplary embodiment of the composition the free fatty acid and monoglyceride are present
in the composition in a molar ratio of about 2:1 and the lysophosphatidyl compound
comprises from about 10 to 18 mole percent. In an exemplary embodiment of the
composition the free fatty acid and monoglyceride are of the general formula VA and IVC,

respectively, and are present in the composition in a molar ratio of about 2:1 and the
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lysophosphatidyl compound of the general formula IJ comprises from about 5 to 20 or 10 to
18 mole percent.

In one embodiment, the ratios of the components of the composition are about 1:4:2
lysophosphatidyl compound:monoglyceride:free fatty acid. In another embodiment, the
ratios of the components of the composition are about 1:3:3 lysophosphatidyl
compound:monoglyceride:free fatty acid. In still another embodiment, the ratios of the
components of  the composition are about 1:2:4 lysophosphatidyl
compound:monoglyceride:free fatty acid. In another embodiment, the ratios of the
components of  the composition are about 2:4:2 lysophosphatidyl
compound:monoglyceride:free fatty acid.

The foregoing discussion regarding specific ranges of components applies to all of
the embodiments described herein. In a specific embodiment, the discussion regarding
specific ranges of components applies to first to nineteenth embodiments described above. In
a specific embodiment, the discussion regarding specific ranges of components applies to
thirteenth to nineteenth embodiments described above. In a specific embodiment, the
discussion regarding specific ranges of components applies to the thirteenth embodiments
described above. In a specific embodiment, the discussion regarding specific ranges of
components applies to the fourteenth embodiments described above. In a specific
embodiment, the discussion regarding specific ranges of components applies to the fifteenth
embodiments described above. In a specific embodiment, the discussion regarding specific
ranges of components applies to the sixteenth embodiments described above. In a spe;ciﬁc
embodiment, the discussion regarding specific rénges of components applies to the
seventeenth embodiments described above. In a specific embodiment, the discussion
regarding specific ranges of components applies to the eighteenth embodiments described
above. In a specific embodiment, the discussion regarding specific ranges of components

applies to the nineteenth embodiments described above.
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Agents

The compositions of the present disclosure may be used to provide oral delivery of
any agent. In one embodiment, the agent is a therapeutic agent. Such therapeutic agents may
be used to treat and/or prevent a variety of disease or conditions, such as but not limited to,
cardiac, allergic, infections or cancer related diseases or conditions.

In one embodiment, the agent is fat soluble. In one embodiment, the agent is one that
has a low solubility, a low permeability or a combination of the foregoing. In one
embodiment, the agent is a BCS class II, class III or class IV compound. Representative BCS
class 11, class III and IV compounds include, but are not limited to, Acyclovir, Amiloride,
Amoxicillin, Atenolol, Atropine, Bisphosphonate, Bidisomide, Captopril, Cefazolin,
Cetirizine, Cimetidine, Ciprofloxacin, Cloxacillin, Dicloxacillin, Erythromycin, Famotidine,
Ampbhotericin, Chlorthalidone Chlorothiazide, Colistin, Furosemide, Hydrochlorothiazide,
Mebendazole, Methotrexate, and Neomycin. In one embodiment, the agent is curcumin.

In one embodiment, the agent may be one that exhibits poor aqueous solubility. In
one embodiment, the agent may be one at which the dose strength required for treatment of a
subject is not soluble in 100 ml of aqueous solution over a pH range of 1 to 7. In one
embodiment, the agent may be one at which the dose strength required for treatment of a
subject is not soluble in 250 ml of aqueous solution over a pH range of 1 to 7.

In one embodiment, the composition and the agent form a eutectic.

In one embodiment, the agent is present in a molar concentration of 1:1 with the
lysophosphatidyl compound (1:1 agent: lysophosphatidy]l compound). In another
embodiment, the agent is present in a molar concentration of less than 1:1 with the
lysophosphatidyl compound. In still another embodiment, the agent is present in a molar
concentration of 0.8:1 with the lysophosphatidyl compound. In still another embodiment, the

agent is present in a molar concentration of 0.5:1 with the lysophosphatidyl compound. In
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still another embodiment, the agent is present in a molar concentration of 0.1:1 with the
lysophosphatidyl compound.

An exemplary formulation includes a composition where the components are present
in a molar ratio 1:4:2:1 lysophosphatidyl compound:monoglyceride:free fatty acid:agent. An
additional exemplary formulation includes a composition where the components are present
in a molar ratio 1:4:2:0.8 lysophosphatidyl compound:monoglyceride:free fatty acid:agent.
Still an additional exemplary formulation includes a composition where the components are
present in a molar ratio 1:4:2:0.5 lysophosphatidyl compound:monoglyceride:free fatty
acid:agent.

In one embodiment, the agent is present in a molar concentration of greater than 1:1
with the lysophosphatidyl compound (agent: lysophosphatidy! compound). In still another
embodiment, the agent is present in a molar concentration of 2:1 with the lysophosphatidyl
compound. In still another embodiment, the agent is present in a molar concentration of 5:1
with the lysophosphatidyl compound. In still another embodiment, the agent is present in a
molar concentration of 10:1 with the lysophosphatidyl compound.

The composition may be any composition described herein. In one embodiment, the
composition is a composition of the first to nineteenth embodiments described above. In
another embodiment, the composition is a composition of the thirteenth to nineteenth
embodiments described above. In a specific embodiment, the composition is a composition
of the thirteenth embodiments described above. In a specific embodiment, the composition is
a composition of the fourteenth embodiments described above. In a specific embodiment, the
composition is a composition of the fifieenth embodiments described above. In a speciﬁé
embodiment, the composition is a composition of the sixteenth embodiments described
above. In a specific embodiment, the composition is a composition of the seventeenth

embodiments described above. In a specific embodiment, the composition is a composition
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of the eighteenth embodiments described above. In a specific embodiment, nineteenth
embodiments described above.

Methods of Preparing the Compositions

The compositions of the present disclosure may be prepéred by a variety of methods
as is known in the art. In one embodiment, the compositions of the present disclosure are
prepared by weighing an apprbpriate amount of the individual components, in powder form,
mixing the components together, dissolving the components in an aqueous buffer, sonicating
the components and lyophilizing the mixture. In one embodiment, the lipid components of
the mixture are present in a ratio 1:4:2 mole percent lysophosphatidyl
compound:monoglyceride:free fatty acid. In one embodiment, the sonication step occurs for
30 minutes to 5 hours at a temperature from 50 to 70 degrees.

The resulting lyophilized powder may be administered as a neat powder, in a matrix
(for example, an edible wax or the like, or may be mixed with a liquid or food substance. In
addition, the composition may be formed into food articles, such as but not limited to, bars,

powders, cookies and the like.

Examples

Compositions of the present disclosure containing lysophosphatidylglycerol (FIGS 2-
3) were prepare by weighing an appropriate amount of the individual components in powder
form (lysophosphatidyl compound of the formula 1J; monogltyceride of the formula IVC; and
free fatty acid of the formula VA) along with curcumin and mixing the components together.
The resulting composition was solubilized in water and sonicated for 60 minutes at 60

degrees. The resulting mixture was lyophilized to powder form.
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Compositions containing lysophosphatidylcholine (lysophosphatidyl compound of
the formula IK; monoglyceride of the formula IVC; and free fatty acid of the formula VA)
(FIGS. 4 and 5) were prepared in the same manner.

In the following examples, the components of the mixture are present in a ratio
1:4:2:0.8 mole percent lysophosphatidyl compound:monoglyceride:free fatty acid:curcumin.

The compositions were subject to differential scanning calorimetry. The results are
shown in FIGS. 1-5

FIG. 1 shows differential scanning calorimetry of a sample of curcumin, showing a
phase transition at 185.12 degrees C. FIG. 2 shows differential scanning calorimetry of a
lipid mixture comprising lysophosphatidylglycerol (14:0), monoglyceride (14:0) and fatty
acid (14:0) (molar ratio 1:4:2) showing a phase transition at 55.71 degrees C. FIG. 3 shows
differential scanning calorimetry of a mixture of curcumin and a lipid mixture comprising
lysophosphatidylglycerol (14:0), monoglyceride (14:0) and fatty acid (14:0) (molar ratio
1:4:2) showing a single phase transition at 56.27 degrees C. The single phase transition of
the mixture indicates the composition is a eutectic.

FIG. 4 shows differential scanning calorimetry of a lipid mixture comprising
lysophosphatidylcholine (14:0), monoglyceride (14:0) and fatty acid (14:0) (molar ratio
1:4:2) showing a phase transition at 26.74 degrees C. FIG. 5 shows differential scanning
calorimetry of a mixture of curcumin and a lipid mixture comprising
lysophosphatidylcholine (14:0), monoglyceride (14:0) and fatty acid (14:0) (molar ratio
1:4:2). Unlike the previous results using a lysophospatidylglycerol containing composition
containing curcumin, the a lysophospatidylcholine containing composition containing
curcumin showed phase transitions at 26.35 and 152.86 degrees C, indicating that the

composition was not a eutectic.
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CLAIMS
1. A composition for solubilizing an agent, the composition comprising: a
lysophosphatidyl compound of the general formula IC, a monoglyceride of the general formula

IV and a free fatty acid of the general formula V

o Q OH
R1)LO,L|nker \O’,P\O\)\/OH
o
IC
R4O ORs

OR5 v

X
Ry~ OH v

wherein,

R; is a saturated or unsaturated carbon chain;

Linker is a non-immunogenic, hydrophilic polymer, or an alkyl chain;

one of R4, Rs and Re is -C(O)-R7 and the remaining of R4, Rs and Re are each independently
selected from H or Rs;

R7 and Ry are cach independently a saturated or unsaturated carbon chain from 1 to 21 carbons
in length; and

Rs is saturated or unsaturated carbon chain from 1 to 10 carbons in length.

2. The composition of claim 1 further comprising the agent.

3. The composition of claim 1, wherein R1, R7 and Ro are each independently a saturated
carbon chain from 6 to 12 carbons in length, saturated carbon chain from 13-21 carbons in

length or a saturated carbon chain greater than 22 carbons in length.
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4. The composition of claim 1, wherein R1, R7 and Ry are each a saturated carbon chain
from 6 to 12 carbons in length or saturated carbon chain from 13-21 carbons in length.

5. The composition of claim 1, wherein the polymer is a linear or branched poly(dextran),
a linear or branched poly(cellulose), a linear or branched poly(ethylene glycol), a linear or
branched poly(alkylene oxide), a linear or branched poly(vinyl pyrrolidone), a linear or
branched poly(vinyl alcohol), a linear or branched polyoxazoline, or a linear or branched
poly(acryloylmorpholine) and the polymer has from 1 to 25, from 1 to 15, from 1 to 8 or from
1-3 repeating units.

6. The composition of claim 1, wherein the Linker is a linear poly(ethylene glycol) and
the polymer has from 1 to 8 repeating units.

7. The composition of claim 1, wherein the linker is an unsubstituted alkyl chain and the

lysophosphatidyl compound has the general structure IE

0 Q  OoH

—P~
R1/u\0/|"]n\/o CI) ) O\)\/OH

wherein n is from 11020, 1to 10 or 1 to 6.

IE.
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8. The composition of claim 1, wherein the lysophosphatidyl compound has the general
formula 1J, the monoglyceride of the general formula IVC and a the free fatty acid of the general

formula VA, wherein the general formulas of 1J, IVC and VA have the following general

structures
/\/\/\/\/\/\)Oj\ : d
o ~oP-o OH
HO H -
1y

O

/\/\/\/\/\/\)J\O/\(\OH
OH IVC

O
/\/\/\/\/\/\)I\OH VA.
9. The composition of claim 8, wherein the free fatty acid and monoglyceride are present
in the composition in a molar ratio of between about 2:1, about 1:1, and about 1:2.
10. The composition of claim 8, wherein the free fatty acid and the monoglyceride

comprise from 70 mole percent to 99 mole percent of the composition, with the
lysophosphatidyl compound comprising from 30 mole percent to 1 mole percent of the
composition.

11 The composition of claim 8, wherein the ratios of the components of the composition
are 1:4:2, 1:3:3, 2:4:2, or 1:2:4 mole percent lysophosphatidyl compound:monoglyceride:free
fatty acid.

12. The composition of claim 8 further comprising the agent and the composition forms a

eutectic.

35

Date Regue/Date Received 2022-09-26



13. The composition of claim 12, wherein the agent is present at a molar concentration of
1:1 or less with respect to the lysophosphatidyl compound.

14. A composition for solubilizing an agent, the composition comprising: a
lysophosphatidyl compound of the general formula IT or 111, a monoglyceride of the general

formula I'V and a free fatty acid of the general formula V

0
Ry— o Linker »O,F»O\R
o 2 1
0
ll:l)
o R 111
R,O ORg
ORs5 v
o)
Rg/”\ OH AV
wherein,

Rio and Ry; are each a saturated or unsaturated carbon chain;

R» is a glycerol residue;

Linker is a non-immunogenic, hydrophilic polymer, or an alkyl chain;

one of R4, Rs and Re is -C(O)-R7 and the remaining of R4, Rs and Re are each independently
selected from H or Rg;

R7 and Ry are each independently a saturated or unsaturated carbon chain from 1 to 21 carbons
in length; and

Rg is saturated or unsaturated carbon chain from 1 to 10 carbons in length.
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15. The composition of claim 14, wherein Rio and Ri11, R7 and Ry are each independently
a saturated carbon chain from 6 to 12 carbons in length, saturated carbon chain from 13-21
carbons in length or a saturated carbon chain greater than 22 carbons in length.

16. The composition of claim 14, wherein Rio and R11, Ry and Ry are cach a saturated
carbon chain from 6 to 12 carbons in length or saturated carbon chain from 13-21 carbons in
length.

17. The composition of claim 14, wherein Rz is a substituted alkyl chain, wherein the alkyl
chain is substituted by one or more hydroxy groups.

18. The composition of claim 14, wherein the polymer is a linear or branched
poly(dextran), a linear or branched poly(cellulose), a linear or branched poly(cthylene glycol),
alinear or branched poly(alkylene oxide), a linear or branched poly(vinyl pyrrolidone), a linear
or branched poly(vinyl alcohol), a linear or branched polyoxazoline, or a linear or branched
poly(acryloylmorpholine) and the polymer has from 1 to 25, from 1 to 15, from 1 to 8 or from
1-3 repeating units.

19. The composition of claim 14, wherein the free fatty acid and monoglyceride are
present in the composition in a molar ratio of between about 2:1, about 1:1, and about 1:2.

20. The composition of claim 14, wherein the free fatty acid and the monoglyceride
comprise from 70 mole percent to 99 mole percent of the composition, with the
lysophosphatidyl compound comprising from 30 mole percent to 1 mole percent of the
composition.

21. The composition of claim 14, wherein the ratios of the components of the composition
are 1:4:2, 1:3:3, 2:4:2, or 1:2:4 mole percent lysophosphatidyl compound: monoglyceride: free
fatty acid.

22. The composition of claim 14 further comprising the agent and the composition forms

a eutectic.
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23. The composition of claim 22, wherein the agent is present at a molar concentration of
1:1 or less with respect to the lysophosphatidyl compound.

24, The composition of claim 14, wherein the lysophosphatidyl compound is a compound
of the general formula I11.

25. The composition of claim 14, wherein the lysophosphatidyl compound has the general
formula IIIC, the monoglyceride of the general formula IVC and a the free fatty acid of the
general formula VA, wherein the general formulas of IIIC, IVC and VA have the following

general structures

?  oH
P S N e N N g IJD\O \/K/OH
O IIC
O
/\/\/\/\/\/\)J\O/\(\OH
OH IvVC
O
/\/\/\/\/\/\)I\OH VA.
26. The composition of claim 25 further comprising the agent and the composition forms
a eutectic.
27. The composition of claim 26, wherein the agent is present at molar concentration of

1:1 or less with respect to the lysophosphatidyl compound.
28. The composition of claim 14, wherein the lysophosphatidyl is a compound of the

general formula IL
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29. The composition of claim 28, wherein the lysophosphatidyl compound has the general
formula IID, the monoglyceride of the general formula IVC and a the free fatty acid of the
general formula VA, wherein the general formulas of IID, IVC and VA have the following

general structures

Q OH

/\/\/\/\/\/\\/\O’{/\in\/o/(z_ h \)\/OH

1D
O
/\/\/\/\/\/\)]\0/\'/\0‘_1
OH Ve

0O
/\/W\/\/\)I\OH VA
wherein nis from 1 t0 20, 1 to 10 or 1 to 6.
30. The composition of claim 29 further comprising the agent and the composition forms
a eutectic.
31 The composition of claim 30, wherein the agent is present at molar concentration of

1:1 or less with respect to the lysophosphatidyl compound.

39

Date Regue/Date Received 2022-09-26



CA 02956960 2017-01-31

WO 2016/025401 PCT/US2015/044501

FIG. 1

......

:
123196

ST Y g g

AS0 5 8 50 o 168

Tempergture °C)

<

1/5

00



CA 02956960 2017-01-31

WO 2016/025401 PCT/US2015/044501

FIG. 2

(3.5 SIS . oA e

%
504
1

......

R T

Heat Flow A

T

Temperatare {°C)

2/5



CA 02956960 2017-01-31

WO 2016/025401 PCT/US2015/044501

FIG. 3

Nommmamy,

: JER

G.86°C

Heat Flow {Wig)

-3 \ AL e A YAy R N S s i < N A
~108 -850 Q S5 a8 200

Teivperature {TC}

3/5



CA 02956960 2017-01-31

WO 2016/025401 PCT/US2015/044501

PIG. 4

D g‘i a3 SEREY g
3 :
i : i
b : N
B M i
3 : H
+ 4 ¥
v i
4.0 H
H IS i
! 3
B ¥ K
H 2 H
Ll ok 3 :
& ; ;
s g E
heS ou :
. ) H
h S i
™ 3 H
= i H
[a) H IS
-~ R i
ik H b
< N ¥
© { !
q i 3
o od Ly 3
X ot N
: 3
N
3 — ol
H ; S
: h TSl

W
W70

|
{

=& w3 3 203 ‘i & 180 iy

Temperature ("C}

H
g RN BN RN 1 R e s

4/5



WO 2016/025401

FIGL 5

CA 02956960 2017-01-31

PCT/US2015/044501

A

3
H
5

G}

Hegt Flow (Wig)

Q.Y

28.35°C

152.86°0

i 30

IR 4 v T

oS et e e H

Temperaturg ("O)

5/5

VRO



198396

&, h 50 o
Temperature (°0)

168




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - CLAIMS
	Page 36 - CLAIMS
	Page 37 - CLAIMS
	Page 38 - CLAIMS
	Page 39 - CLAIMS
	Page 40 - CLAIMS
	Page 41 - CLAIMS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS
	Page 47 - REPRESENTATIVE_DRAWING

