SUMMARY OF THE INVENTION

[0006a] In one aspect, provided herein is use of metformin or a salt thereof in the manufacture of a

medicament for lowering blood glucose levels in a patient in need thereof, wherein the medicament is a

delayed-release formulation adapted to provide at least 20% less relative bioavailability of metformin as

measured by plasma area under curve (AUC) compared to an immediate release composition having the

same amount of said metformin or salt thereof.

[0006b] In another aspect, provided herein is use of metformin or a salt thereof in the manufacture of a

medicament for treating diabetes in a patient in need thereof, wherein the medicament is a delayed-release

formulation adapted to provide at least 20% less relative bioavailability of metformin as measured by

plasma area under curve (AUC) compared to an immediate release composition having the same amount

of said metformin or salt thereof.

[0007] Provided herein are compositions having at least one biguanide or related heterocyclic

compound, including metformin, and methods of treatment using the compositions.

[0008] In some embodiments, the compositions herein are adapated to minimize the systemic
bioavailability of the compound, e.g., reduce average systemic bioavailability of the biguanide
compared to a composition having an equivalent amount of the compound formulated for
immediate release. In some embodiments, the compositions described herein can be adapted for
release to the upper or small intestine, to the lower or large intestine, or both. Administration of
the compositions into the intestine is via any known method including oral. In some
embodiments, the compositions described herein comprise a biguanide or related heterocyclic
compound adapted to release a therapeutically effective amount of the biguanide or related

heterocyclic compound beyond the stomach.

[0009] In certain embodiments, the biguanide or related heterocyclic compound is selected from

a compound of structural Formula I,

wherein:



R1, R2, R3, R4, RS, R6, and R7 are independently selected from:

H, OH,

O-Rx, wherein Rx is alkyl, cycloalkyl, alkylcycloalkyl, acyl, ester, thioester;

optionally substituted alkyl; cycloalkyl; alkylcycloalkyl; heterocycloalkyl;
alkylheterocycloalkyl; optionally substituted alkenyl; optionally substituted alkynyl;

optionally substituted aryl; optionally substituted alkylary; optionally substituted
heteroaryl; optionally substituted alkylheteroaryl; and

or R6 and R7 may join to form a bond, together forming a ring including the nitrogen

atoms to which they are attached;
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B
Cz 1o C, cycloalkyl, Co to Cs heterocycloalkyl, where the heterocycle comprises
Cato Cozalkyleycloalkyl,
Cs-to-Cui-alkylheterocyecloaliop-where-the-heterocyclecomprises-oneor-two

234



235



| (. (.
N N)\NH2 N N)\NH2 N)\N)\NH2
H H H HJ\ H HJ\
W0 0 U0
\/\,il H NH2 T H)\NH2 W\TJ\HJ\NH2

U0 T T U
/\” T)\NHZ N T)\NHZ N lil NH, NJ\TJ\NHZ
> > > >
PN N NG WS NP W WP W
H H H H H H H H H H H H
. . i i
/\T T)\NHZ lil T)\NHZ lil IT)\NHZ \/\/\TJ\TJ\NHZ
N%{“ N%{“ ”%{“ ”%{“
/\N N N/ N)\N N/ /\/\N)\N)\N/ \/\/\N)\N)\N/
| H H | H H | H H | H H
) ) ) )
/\N)\N)\N/ \/\N)\N)\N/ /\/\N)\N)\N/ \/\/\N)\N)\N/
H | H H | H H | H H | H
NJ\N NN NN NJ\N
N NG W NP W NI NN N
H H | H H | H H | H H |
N}{“ N}{“ ”}F‘ ”%F‘
oy T)\H/ T T)\H/ /\/\T)\T)\H/ \/\/\T)\T)\H/
”%F‘ ”%F‘ ”}F‘ ”}F‘
. . . i
oy T*T/ y T*T/ /\/\”XTAT/ \/\/\”*T*T
N%{“ N%{“ ”%{“ ”%{“
NP N NP W TGP W

236



237



HN/N/\I’\I/ - HN/N/\I'\I/ HN/N/\I'\I/ - H\N(/N/N HN/N/N g HN/N/N g \I\'l//N/N
hi hi he he he he hd
NH2 NH, HN._ HN__ N /N\ N
- T
HN HN HN HN HN HN —
TN YN YN YN YN YN YN
N Y
HN»;N YN YN YN YR/ HN YN YN
H,N —N_ AN AN
(0] O (0]
o7 ¢ 7 ¢ {
e} (e} 0 O (0]
(0] O
¢ K; Q ¢ ]@ Q
(o] (¢]
HN HN _ HN
HNHN/N/\I’\I/ Hr 3/ YNE/ /NHN/N/\I’\I/ Hr ' g ' /Y T
Y ¥ - Y g N g
NH, H,N H,N NH, H,N H,N N
o (O o <0 (O
[e] \\O © (0] \\O © ©
<Oj© <oji;
HN /NY HNY HNyN NN M= TN NN
HN_ _N HN /z/ /z/ I-;'\I//N HN /3/ HN /R/ — /z/
N N N v g
N /N\ /N\ N N /N\ /N\

238



HO HO HO HO HO HO HO
HO i HO i HO j HO j HO© HO© HO©

S RS i TN i gl e

HN__N N N N
i Al e G GRS G Gl
NH NH2 HN_ HN_ N N
v/NH2
HN /N HN /N HN /N HN_ HN /N N N
T Ty v \r \r
H,N H,N HN, HN,_ N N N
Ho QM HO HO Ho 9 HO HO on HO on
HNL q IN HN IN] q IN] I\ IN]
W e e ey wr wy T
_N _N ZN ZN ZN _N —N =N
H N H,N HN_ HN_ N N N
oH HO oH HO HO
OH HO OH HO HO
HO HO
HO]© Ho]:)
HN_ N HN AN N N_ N —NON —N HN
MO S g - T A
HN_ _N _N _N HN__N AN _nN _N —N =N
¥ ¥ v
NH, H,N H N NH, HN HN N
OH Ho OH no "o
OH HO OH HO HO
HO HO
H0]© HO]©
HN__N HN N HN N__N -~ - -
= L NI e N
HN )N/ HN /z/ HN /Z/ HN jN/ HN /,\\,7/ HN /z/ —N /3/
¥ v My
NG /N\ RN PLN /N\ /N\ —N

239






SN
=
=L
o
N/YNA
: D>
o
N/YN\
P I
T \?
(@)
z
/
D
I

A
Nv/le!N/ _
N/ T Iz g

b4

/

2\
N/YNYN/ _
W T Iz g
YN /
2N
N/ T Tz J

4

/
NSE
Z = HN@

pd o~

241



\
N2
% N\
\N/v!N
z Z
I u

X/
\\ N/ /V’N

(0]
N
~

o Z N\
NH
\

% XS

z =z
o\ /Nvl/
NH
I

o Z
S T
T
N2
% N\
\N/YN
o P4
S T
\
N2
% N\
\N/v!N
o z
J T
T

7 A
\N/v!mH

(2] =z
NH
I
N2
% N\
b N/NvVNH
S T
\
N2
% N\
s\ N/Nv!NH
NH
T

AL

WYT
WYT
WYK
WYT
WYT
WYT
WYT

/YN
Y 34

/VVN

HN

/YN

/YN

HN

2

NS
)2

=z

T

P4

=
oYy <
_ \

HN

e
N
va =
T

PN NY N/YN\
\ \
A

TN vYN/ /
— N/ Nv!N/

\ .
0Ty S
\

HN

=
TNy A /le
\ T
z
I

P4

N
0’y S
\

HN

Ve g
M \
_/ A VVN

-

W )R E
w
DN

HN

/
\
oA
I

/
s
T

242



I

H
N
P

H
N
2

243






z
T =
=z
z N
T
N2
e
T =
2/
>
T
Nz
e

=
e
N N
T
\
Z V-2
z
T
=
o/
z
/
\
z z
\ NY \
T
=
I/
>z o
T
\
Z V-3
z
\
=
o/
N N
T
\
Z V-2
z
T
=
Iz /
NY /
\
z z
N\ = /
T
=
=/
>
T
\
Z V-3
z
\
=
Y Iz /
>z
T
z /YN
z
T

=z
I
zZ N
I
Z )2
z
P T
\
zZ N
I
Z )2
z
P I
I

245



_N
HN
NJ\NH
/kN)\NH

246



wherein Rs, Ra, Rs, Re, R/, Rs and Ry are independently selected from H, methyl,
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NH-NH-atkyl:
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OH OH OH OH OH OH

16.  Use of A-compesition-compristrg-metformin or a salt thereof in the manufacture

of a medicament for lowering blood glucose levels in a patient in need thereof, wherein
the medicament is a delayed-release formulationeempesition-is adapted to provide at
least 20% less relativereduce-the-average bioavailability of metforminthe-compound as

measured by plasma area under curve (AUC) compared to an immediate release

composition having the same amount of said metformin;release-a-therapeuticatly

a-combinationsalt thereof.
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2. Use of metformin or a salt thereof in the manufacture of a medicament for treating

diabetes in a patient in need thereof, wherein the medicament is a delayed-release

formulation adapted to provide at least 20% less relative bioavailability of metformin as

measured by plasma area under curve (AUC) compared to an immediate release

composition having the same amount of said metformin or salt thereof.

3. The use according to claim 1 or 2, wherein said delayed-release formulation is

adapted to have an onset of release of said metformin or salt thereof distal of the

duodenum.

4, The use according to claim 3, wherein said delayed-release formulation is adapted

to have an onset of release of said metformin or salt thereof distal of the jejunum.

5. The use according to claim 4, wherein said delayed-release formulation is adapted

to have an onset of release of said metformin or salt thereof distal of the ileum.
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64%1. The use according to any one of claims 1 - 5, wherein said delayed-release

formulation comprises anA-pharmacedtical-dosageform-comprising:
(a) a pH 6.5 enterically coatinged immediate release component

7. The use according to any one of claims 1 - 6, wherein said delayed-release

formulation has an onset of release of said metformin or salt thereof from about pH 6.0 to

about pH 8.0.
8. The use according to claim 7, wherein said delayed-release formulation has an

onset of release of said metformin or salt thereof from about pH 6.0 to about pH 7.0.

9. The use according to claim 8, wherein said delayed-release formulation has an

onset of release of said metformin or salt thereof at a pH of about 6.0.

10. The use according to claim 8, wherein said delayed-release formulation has an

onset of release of said metformin or salt thereof at a pH of about 6.5.
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11. The use according to claim 8, wherein said delayed-release formulation has an

onset of release of said metformin or salt thereof at a pH of about 7.0.




1259. The eempeositionuse according to any one of claims 1 - 111.-4-7-10-13-and-16,
wherein said delayed-release formulationeempesition is adapted to provideminimize-the

a circulating plasma concentration of metformints below 1.0 pg/mLabeut5-ptgimi4

) i) i) 1

13.  The use according to claim 12, wherein said delayed-release formulation is

adapted to provide a circulating plasma concentration of metformin below 0.5 pg/mL.

14. The use according to claim 13, wherein said delayed-release formulation is

adapted to provide a circulating plasma concentration of metformin below 0.25 pg/mL.

15. The use according to any one of claims 1 - 14, wherein said medicament is to be

administered at a daily dose of said metformin or salt thereof between about 200 mg and
about 2000 mq.

16.  The use according to claim 15, wherein the daily dose of said metformin or salt

thereof is between about 500 mg and about 2000 mg.
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17. The use according to claim 16, wherein the daily dose of said metformin or salt

thereof is between about 1500 mg and about 2000 mqg.

6018. The usecompesitien according to any one of claims 1 - 174.4.7-10-13-and-16,
wherein said delayed-release formulationeemposition is adapted to provide at least66%;
50%-40%; 30%; er-20%-less relative bioavailability of metforminthe-compound

compared to an immediate release composition having the same amount of said

metformin or salt thereofthe-compeund.

19. The use according to claim 18, wherein said delayed-release formulation is

adapted to provide at least 40% less relative bioavailability of metformin compared to an

immediate release composition having the same amount of said metformin or salt thereof.

20. The use according to claim 19, wherein said delayed-release formulation is

adapted to provide at least 50% less relative bioavailability of metformin compared to an

immediate release composition having the same amount of said metformin or salt thereof.

21. The use according to any one of claims 1 - 20, wherein said metformin or salt

thereof is metformin hydrochloride.
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