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CLAIMS
What is claimed: ;ff
1. A compound or salt thereof selected from the group consisting of -
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substituted alkynyl, phenyl, substituted phenylalkyl, substituted

phenylalkyl, aryl, substituted aryl, arylajk 1, substituted arylalkyl,

heteroarylalkyl, substituted heteroaryfalkyl, heteroaryl or substituted
heteroaryl;

orR' and R, R? and R*, R® and RS, oy

biradical selected [rom the gfoup consisting of 3-hydroxy-pentane-1,5-diyl, 6-

27 and R® independently combine as to form a

hydroxy-cycloheptane-1LA-diyl, propane-1,3-diyl, butane-1,4-diyl and

pentane-1,5-diyl;

R2
|
N
R4
/ NS X7
4* R
/ WP
&(
a x Na N
’ / = Y, |
a com[} nd of lormula (II): (ID), wherein in formula (II):
# R', R?, R*, R*, R” and R® are independently H, alkyl, substituted alkyl, cycloalkyl,
p: ¥y y
;;5 substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
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alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl, ¥
substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted f‘f
heteroarylalkyl, heteroaryl or substituted heteroaryl; i'fl

or R'and R%, R* and R*, R” and R®, or R and R® independently combine as to fory {
biradical selected from the group consisting of 3-hydroxy-pentane-1,5- gi'yl

6-hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1 4-(I1y1 ﬁ‘ld
¢‘b

pentane-1,5-diyl; g
each occurrence of X is independently selected from the group consw}fng of bond,
NH, NR® and O; ,,,v'”

each occurrence of R’ is independently alkyl, or substituted alk ¥, ‘
R®isH, halogen, CN, amidino, amido, carboxy, carboxamidg, hydrazino, OH, alkyl
7

F thioalkoxy or substituted

a compound of formula (I111): " . (IID), wherein in formula (T1T):

R, R?, R*, R, R” and R® agg 1ndependent]y H, alkyl, substituted alkyl, cycloalkyl,
substituted cyclog i yl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, pheny substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
substituted y], arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
heteroagflalkyl, heteroaryl or substituted heteroaryl;

243
orR! andR/

and R4, R® and RC’, orR" and R® independently combine as to form a
bi i dical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl,
/}g -hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
4 pentane-1,5-diyl;
j;gg:l occurrence of X is independently selected from the group consisting of bond,
7 NI1, NR® and O;

4;'/ each occurrence of R is independently alkyl or substituted alkyl; and
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R is H, halogen, CN, amidino, amido, carboxy, carboxamido, hydrazino, OH, alkyl
or substituted alkyl, alkoxy or substituted alkoxy, or thicalkoxy or substituted l/ﬁf

thioalkoxy; f

and any combinations thereof, r.;-’
A“;
5
2. The compound of claim 1, wherein the compound is selecte?,fi:om the
¢‘:

group consisting of: ,f"'

N3,N(’-Dimethyl—NJ,Ng—di-n-propyl—pyrimido[5,4~d]py1‘imidine-2,4,6,8—tetraaﬁne;
Ng,N“,NG,Ns-Tetra-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamingfy
NE,NG-Di-n-butyl-N“,Ns-di-n-propyl-pymnido[5,4-d]pyrinllidine-2,4f€,§detraallline;

NZ,N°-Di-i-propyl-N*,N2-di-n-propyl-pyrimido[ 5,4-d ]pyrimidine-2, 170, 8-tetraamine;

N?,N°-Dimethyl-N*-n-propyl-N*-prop-2-ynyl-pyrimido[5,4-d|pyginidine-2,4,6,8-tetraamine;
NE,NG-Bis-(N—mcthoxy(N-mcthy])at11ino)-N4,N8-bis-n-propyl ilno-pyrimido[S,4—d]
pyrimidine;
N-(6-Ch101‘0-4,8-bis-propylamino-pyrimido[5,4—d]pyri1 i n—2—y])-O,N-dimeLhy1-
hydroxylamine; 4
NZ,N"-Bis-(N—Methoxy(N—methyl)amino)—N4,N3 byS-n-propylamine-pyrimido[5,4-d]
pyrimidine hydrochloride;
Nz—Methyl—N4,Ng—di—n—propyl-pyrimido[5,4

O,N-Dimcthyl-N-(6-methylamino-4,8-big r-propylamino-pyrimido[5,4-d] pyrimidin-2-yl)-

pyrimidine-2,4,8-triamine;

hydroxylamine;
N*N®-Dimethyl-N* N°-di-n-propyl,
N2,Nz,NG-Trimethyl-N",Ns-di-n-_opy]-pyrimid0[5,4—d]pyrimi(line-2,4,6,8-tetraamine;

Hyrimido]5.4-dIpyrimidine-2,4,6,8-tetraamine;

6-Chloro—N2—methyl-N",NB- r-propylpyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N2,N2-Diethyl-N°-methyl ¢, N&-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
2—(4,8—Bis-n—propy1am0-6-methylamino—pyrimido[5,4—d]pyrinlidin-2~yl-amin0)-c[hanol;
N*-(2-Methoxy-ethy

. A
tetraannry:

-Nﬁ—methy]-N4,Ng-di—n—propyl- pyrimido[5,4-d]pyrimidine-2,4,6,8-
Ng-(.?-lsoprogg(y-ethy])-NG-meLhy1-N4,Ng-di-n-propyl-pyrimido[S,4-d]pyn'midine—2,4,6,8—

tetr Zﬁnine;
NS-Meg}gg\ﬁ,Né-di—n-propyl—Nz—(S,B,3-triﬂuoropropyl)—pyrimido[5,4-d]pyrimidine-2,4,6,8-
J:f’ tetraamine
Ngf’ ethyl-N* N*-di-n-propyl-6-(morpholin-4-yl)-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;
‘/ﬁ 2-Methyl-N4,Ng-di-n-propyl-6-(piperidin- 1-yD)-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;
#
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N°-Methyl-N*N®-di-n-propyl-6-pyrrolidin- 1-yl-pyrimido[ 5,4 -dJpyrimidine-2,4,8-triamine;
N2-Methyl-N*,N®-di-n-propyl-6-(4-methoxy-piperidin- 1-yl)-pyrimido[ 5,4,-d Jpyrimidine- f

2,4,8-triamine; 4‘&{
N*-(3-Chloro-2- -methyl-benzyl)- -N° -methyl- N NP-di-n- propyl-pyrimidof5,4- d]pymmdm?;of
2,4,6,8-tetraamine; Af"
N”-(3,4-Dichlorobenzyl)-N®-methyl-N*,N*-di-n-propyl-pyrimido[5,4- d]pyrmndlne .3” 4,6,8-
tetraamine; sfs
N*-(4-Fluorobenzyl)- N® -methyl-N*,N*-di-n-propyl-pyrimido[5,4- d]pynnudlréf 2,4,6,8-
tetraamine; ';;?f

6-Chloro-N*,N°-dimethyl-N*-n-propyl-pyrimido[5,4-dpyrimidine-2,4,84riamine;
N°,NZ N* N®-Tetramethyl-N®-n-propyl-pyrimido[5,4-d|pyrimidine- 2 ,6 8-tetraamine;
N°,NZ-Diallyl-N*,N®-dimethy!-N°-n-propyl-pyrimido[ 5,4- d]pynn'ﬂme-_,-dr 6,8-tetraamine;

2-[(4,8-Bis-mecthylamino-6-n-propylamino-pyrimido[5,4-d]pyy mdm -2-yl)-methyl-amino]-

ethanol;

Ng-(2-Isopr0p0xy-ethy1)-N4,N8-dimethy1-Nﬁ-n-propyl—p .- 11id0[5 4-d]pyrimidine-2,4,6,8-
tetraamine; 4
2-[N-(2-Dimethylamino-ethyl)-N-methyl]amino- 'Ns—dimethyl—NG-n—propyl-pyrimido[S,4-
d]pyrimidine-4,6,8-triamine;
2-[(4.8-Bis-methylamino-6-n-propylamino-p# mido[5,4-d]pyrimidin-Q-yl)-(2-hyd1‘0xy-
cthyl)-amino]-cthanol; '_
N? N?-Bis-(2-methoxyethyl)-N*,N°-digfethyl-N°-n-propyl-pyrimido| 5,4-d]pyrimidine-
2,4,6,8-tetraamine; y
6-(4-Ox0-piperidin-l-yl)—N*‘,Ng-' f methyl-N2—n—propylamino—pyrimido-[5,4—d]pyrimidine-
2,4,8-triamine; 4 .
N2-(3-Trifluoromethyl- -pipg 1d1n 1-y1)-N* NE-dimethyl-6-n-propylamino-pyrimido-[3,4-
d]pyrimidine-2 #8-trianiine;
N2—6-n—Propy]amin * N®-dimethyl-2-(1, -dioxo-thiomorpholin-4-yl)-pyrimido-[ 5,4-
dlpyrimigine-2,4,8-triamine
N2-11-Propyl-l}?glils-dimelhy]-6-(4,4-diﬂuoro-piperidin— 1-y)-pyrimido[5,4-d]pyrimidine-
2,4, fltriamine;
NE,N“‘,I\j 4 8—'I‘etranu—zthyl—pyrimicIO[5,«4—d]pyrimidin-a-2,4,6,8-tetra:cunine;
N3,l\}.%iethyl-N{Ns-dimethyl-pyrimido[5,4-d]pyrimidine-z,4,6,8-tetraamine;
N { (’—Di—n-butyl-N4,N8-dimelhy1-pyrimido[5,4-cl]pyrimidine—2,4,6,8—tetraamine;

jﬁz,NG-Bis-cyclopropy]methy]-N4,N8-dimethyl-pyrimido[S.4-d]pyrimidine-2,4,6,8-tetraamine;
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N? N°-Diisobuty!-N* N*-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
N? NS-Diallyl-N* N%-dimethyl-pyrimido| 5,4-d Jpyrimidine-2,4,6,8-tetraamine; &
2-Chloro-6-(N,N’-dimethyl-hydrazino)-N*,N*-dimethyl-pyrimido[ 5,4-d]pyrimidine-4,8- /j
diamine; ‘ /J{f
6-(N,N’-Dimethyl-hydrazino)-N3,NE,N4,Ns-tetramenhyl-pyrimido[s,4-d]pymnidine-2,§£-
5

triamine: fi‘"
&

N*,NS—Dimethyl—6—pr0poxy—N2—n—propy]-pyn'mido[S,4-(1]pyrilnidine—2,4,8—triam}n‘e;
N4,Ns—Dimethy]—Nz—n-propy]—6-propy1sulfanyl-pyn'mido[5,4—d]pyrimidine—2:é}{§-triamine;
6—Benzyloxy—N4,Ng—dimethyl—Nz-n—propyl—pyn'mido[5,4—d]pyrimidine—2,4333’t1‘iamine;
4,8-Bis-methylamino-6-n-propylamino-pyrimido[ 5,4-d|pyrimidin-2-ol; ..j ’
4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidine-Jgtarbonitrile;

N* N®-Dimethyl-Nn-propy!-6-(aminomethyl)-pyrimido[5,4-d]py Imidine—2,4,8—triamine;
6-Carbamoy]—N4,N8—dimcthyl-N?‘—n—propyl—pyrimid0[5,4-d]py1'idinc—2,4,8-triaminc;
4,8-Bis-methylamino-6-r-propylamino-pyrimido[5,4-d]py dine—2-carboxylic acid;
N-(n-Propy])-[4,8-bis-mel;hy]amino-6-n—pr0py]amino-p f '11id0[5,4-d]pyrimidin-2-yl]-

amidine;

N*,N*-Dimethyl-N*-n-propyl-6-(4-fluorophenyl)-pyfimido[5,4-d)pyrimidine-2,4,8-triamine;
N*-Methyl-N* N®-di-n-propyl-6-(4-luoropheny-pyrimido[5,4-d] pyrimidine-2,4,8-triamine;
N* N®-Dimethyl-N-z-propyl-pyrimido[5,4- ]

6-n-Butyl-N>-methyl-N*,N®-di-n-propyl-

pyrimidine-2,4,8-triamine;
ffimidols,4-dpyrimidine-2,4,8-triaminc;
6-Meth0xy—N2-Melhyl—N",Ns—di-n-pro I-pyrimido[S,4-d]pyn'midine—2,4,8—triamine;
6-Methylamino-4,8-bis-n-propylany -pyrimido[5,4-d]pyrimidine-2—carbonitrile;
N’ N*,N°,N*-Teuaethyl-pyrimidgf5,4-dJpyrimidine-2,4,6,8-tetraamine
2,6—DichIor0-N4,N8-diethy1- Fimido[S,4-d]pyrimidine-4,8-diamine;

N*N®-Diethyl-N? N°-Di-nfropyl-pyrimidol 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N? N°-Bis-cyclopropylyfethyl-N* N®-diethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
N? N°-Diethyl-N* N
NZ,NQ,NG-Trieth%}:f

is-cyclopropylmethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
4 N® bis-cyclopropylmethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-
tetraangine;
6-Chlor0—N3féthyl—N4,Ng—bis-cyclopropyhnethy]-pyrimido[5,4-(1]pyrimidine-2,4,8—triamine;
NZ,Nﬁ-lg}ft;yl-N*‘,Ns-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamme;
NZ,le}'l%icyclopropyl-N4,N8-di-n-pr0pyl-pyrimido[5,4-d]pyrimidine-2,4,6,S-telraamine;

/
206

1\115;-,{ -Bis-cyclopropylmethy]~N4,Ng-di-n-propyl-pyrimido[S,4-d]pyrimidine-2,4,6,8-

uj, tetraamine;

rd
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N2,Nl,NG,N6-Telramelhyl—NJ',Ns-di—n—propyl—pyrimido[5,4—d]py1‘imidine-2,4,6,8—tetréamine;

N* N®-Diallyl-N* N°-dimethyl-pyrimido| 5,4-d|pyrimidine-2,4,6,8-tetraamine;

N? N*NE_Triallyl-6-[4-(4-[luorobenzyl)-piperazin-1-yl}-pyrimido[5,4-d | pyrimidine-2,4,8- #
triamine; ‘ ;f

6-Chloro-N>,N* N*-triallyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine; ya

N, N* N®-Triallyl-6- {4-[bis-(4-fluoropheny])-methyl]-piperazin- 1-yl }-pyrimido[5, 4,£Ji
pyrimidine-2,4,8-triamine; ;f"

N* N2 N°-Triethyl-N*,N*-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8- tet1§;{lmne

(4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-dJpyrimidin- ’)—ylamy\o) -acetic acid
tert-butyl ester; E

(4,8-Bis-methylamino-6-n-propylamino-pyrimido| 5,4-d Jpyrimidin- %Efliunino) acetic acid;

N-n-Propyl-[2-(4,8-bis-methylamino-6-propylamino-pyrimido[5 4 d]py1unldm—’?—ylanuno)}

acetamide;
(6-Chloro-4,8-bis-methylamino-pyrintido[ 5,4-d]pyrimidin-Z¢ylamino)-acetic acid ethyl] ester;
a salt or solvate thereof, and any combinations thereof,

3. The compound of claim 1, wherein the salt is selected from the group
consisting of sulfate, hydrogen sullate, hemisullfle, chloride, bromide, iodide, nitrate,
carbonate, phosphate, hydrogen phosphate, ¢gfydrogen phosphate, formate, acetate,
propionate, succinale, glycolate, gluconat,aclatc, malate, tartrate, citrate, ascorbate,
glucuronate, maleate, fumarate, pyruvy °, aspartate, glutamate, benzoate, anthranilate, 4-
hydroxybenzoate, phenylacetate, uelate, pamoate, methanesulfonate, ethanesullonate,
benzenesulfonate, pantothenate, fifluoromethanesulfonate, 2-hydroxyethanesulfonate, p-

toluenesulfonate, sulfanilate, g cIohexylaminosulfonate, stearate, alginate, [
g

A pharmaceutical composition comprising the compound of claim 1
and at least 0})1;3 pharmaceutically acceptable carrier.

‘3
;1-

j;’/ 5. The composition of claim 4, further comprising at least one agent
&7
selecﬂ:d from the group consisting of doxapram and enantiomers thereof, acetazolamide,
al {/ trine, theophylline, caffeine, methylprogesterone and related compounds, sedatives that

jfncrease arousal threshold in sleep disordered breathing patients, benzodiazepine receptor
#
4 - 155 -
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agonists, orexin antagonists, tricyclic antidepressants, serotonergic modulators, adenosine and

adenosine receptor and nucleoside transporter modulators, cannabinoids, orexins, melatonin ;;ff

agonists, ampakines, sodiun oxybate, modafinil, armodafinil, and inhaled therapeutics. fif
/
6. The composition of claim 5, wherein the compound and the ageytval'e
o
£

physically mixed in the composition.
P
7. The composition of claim 5, wherein the compound anﬁgl*"‘the agent are
physically separated in the coniposition. &,;P”‘
8. The composition of claim 4, further comprish}g’n;t least one agent

. . 7
known to cause changes in breathing control, iy

9. The composition in claim 8, wherein e at least one agent is selected

from the group consisting of opioid narcotics, benzodiazgpines, sedatives, sleeping aids,

3

hypnotics, propofol, and any combinations thereof.

10, The composition of clainys, wherein the compound and the agent are

physically mixed in the composition,

11. 'The compositiopfof claim 8, wherein the compound and the agent are

physically separated in the composigon.
12. The cop

4

modified delivery of the cgfpound following oral administration to a subject.
I3.

delivery of the cg

#'The composition of claim 12, wherein the composition minimizes
pound to the stomach of the subject and maximizes delivery of the

P
compound to /}bf:a intestine of the subject.

‘i
/;»
/ 14. The composition of claim 12, wherein the composition includes an

ente@zjcoati ng.
)

/ 15.  The composition of claim 12, wherein the compound is contained in a
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pharmaceutically suitable capsule. !

7
16, The composition ol claim 15, wherein the capsule contains granules ;‘gf
powder of the compound, or an admixture of the compound with an excipient. r’{'
A‘f»

&

17.  The composition of claim 16, wherein the excipient compnsq;f a
binder, disintegrant, diluent, buffer, lubricant, glidant, antioxidant, anmmclobml,yﬁeservatwe

colorant, or flavorant.
£
g

7

18. The composition of claim 16, wherein the capsuig’fis enterically coated

but the granules or powders of the compound are not entericaily coatgd.

19.  The composition of claim 16, wherein (B
compound are coated with an enteric coating before being pdced into the capsule,
20.  The composition of claim 19, wherein the granules or powders of the
compound are coated with a multiplicity of enteric£oatings, as to provide delivery of drug to
different regions ol the intestine of the subjecl. J

21.  The composition oflaim 16, wherein at least a portion of the granules

formed. /
/’/ 24,  The composition of claim 23, wherein the base particle is not
enteuje'%lly coated and the composition is contained in a pharmaceutically acceptable capsule

}a({’ is enterically coated.
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25, The composition of claim 23, wherein the core is coated with an

g

enteric coating, thereby forning an enterically coated bead. J

,éb{

26.  The composition of claim 25, wherein the enterically coated bead }af

4

contained in a pharmaceutically acceptable capsule. ,,;:f"

&
£
27.  The composition of claim 26, wherein the capsule contaigﬁ’ beads
&
coated with a multiplicity of enteric coatings, so that the capsule provides d%lﬁew of the
g

. u " I3 . '*

compound to different regions of the intestine of the subject. &

J

28. The composition of claim 16, further wheneiry,(‘f:i contents of the

capsule are dissolved or suspended in a pharmaceutically acceptaple liquid as to provide a

liquid-filled capsule.

29,  The composition of claim 28, whgfein the capsule is enterically coated
but the liquid formulation contained within does not ghmprise an enteric coating.
30.  The composition of claigf 28, wherein the granules or powders of the
compound are enterically coated,

31.  'The compositi gt of clatm 30, wherein the granules or powders of the
compound are coated with a multipficity of enteric coatings, as to provide delivery of drug (o
different regions of the intestingSf the subject.

32, greomposition of claim 30, wherein the enteric coating applied to the
capsule differs from thefenteric coating applied to any of the granules or powders of the

compound.

jgf. The composition of claim 15, wherein the compound is coated onto a
r4
base par;gz to form a core comprising the compound as a coating over the base particle,

&
whereip#he core is suspended in a pharmaceutically acceptable liquid, and wherein the

susp hded core is placed in a capsule,
F

7
,;""’ 34. The composition of claim 33, wherein the capsule is enterically coated

#

%
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but the core is not enterically coated.

35.  The composition of claim 33, wherein the capsule and the core are ff
enterically coated. {;J
A“’
»f'

36. A method of preventing or treating a breathing control dxsord;zﬁ or
disease in a subject in need thereof, the method comprising administering to the SUb_]BCI. an
b
effective amount of a pharmaceutical composition comprising at least one phgi‘maceunca]ly

acceplable carrier and at least one compound or salt thereol selected from )}ﬁe group

consisting of: j
¥ /
F.
RL X /
N/J\\'N X
R AL
N |
%  Ng N
RS” h
N
x/ \RS
l ‘
a compound of formula (I): R® (1), wherein in formula (I):

RL R% R, RY R R R” and R® are ig fependently H, alkyl, substituted alkyl,

cycloalkyl, substituted cyc alkenyl, substituted alkenyl, alkynyl,

substituted alkynyl, pheg 1, substituted phenyl, phenylalkyl, substituted

phenylalkyl, aryl, sulffituted aryl, arylalkyl, substituted arylalkyl,

heteroarylalkyl, s #stitated heteroarylalkyl, heteroaryl or substituted

heteroaryl;
orR! and R?, R? a R

biradical gelected from the group consisting of 3-hydroxy-pentane-1,5-diyl, 6-

,R* and R®, or R” and R? independently combinge as to form a

A NH, NR? and O; and,

egCh occurrence of X is independently alkyl or substituted alkyl;

/ - 159 -
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R2
I
N’X /
Lo o /
NN X f
R\\N AN Jf
| | R® £
B/x N o N Jj‘&-l
a compound of formula (11): R0 (IT), wherein in formula (I1): 5
&

R R? R, RY, R" and R® are independently H, alkyl, substituted alky] @‘ycloalkyl
substituted cycloalkyl, alkenyl, substiluted alkenyl, a]kynyl, ‘tﬁbsututed
alkynyl, phenyl, substituted phenyl, phenylalkyl, substitutg pheny]alkyl aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteno fylalkyl, substituted
heteroarylalkyl, heteroaryl or substituted heteroaryl,,?

or R and R% R® and R*, R and RS, or R” and R® indepegflently combine as to form a
biradical selected from the group consisting of 73-hydroxy-pentane-1,5-diyl,

6-hydroxy-cycloheptane-1,4-diyl, plopane / 3—d1y1 butane-1,4-diyl and

pentane-1,5-diyl;
each occurrence of X is independently selecyfd from the group consisting of bond,
NH, NR” and O; _
each occurrence of R? is independentl akyl or substituted alkyl;
R'® is H, halogen, CN, amidino, angflo, carboxy, carboxamido, hydrazino, OH, alkyl
or substituted alkyl, alkoy substituted alkoxy, or thioalkoxy or substituted

thioalkoxy; and,

a compoung;bf formula (11I): (IIT), wherein in formula (I1I):

R¥R? R’ R*, R” and R®are independently H, alkyl, substituted alkyl, cycloalkyl,

Y.

;'?f substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
g
,;/J’V alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
.:,f substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
- 160 -
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y

hetercarylalkyl, heteroaryl or substituted heteroaryl;

7

or R' and R?, R? and R*, R and R®, or R” and R® independently combine as to form a i
&

biradical selected {rom the group consisting of 3-hydroxy-pentane-1I,5-diyl,
6-hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and (g"

pentane-1,5-diyl; ;
‘5/

each occurrence of X is independently selected from the group consisting oﬁ«r‘bond
NH, NR” and O; fﬁ*
each occurrence of R’ is independenty alkyl or substituted alkyl; andg
R'" is H, halogen, CN, amidino, amido, carboxy, carboxamido, hyc}razmo OH, alkyl
or substituted alkyl, alkoxy or substituted alkoxy, or thig dkoxy or substituted

thioalkoxy. Fd

prematurity, obesity-hypoventilation syndrome, primaryglveolar hypoventilation syndrome,

dyspnea, altitude sickness, hypoxia, hypercapnia, chry hic obstructive pulmonary discase
(COPD), sudden infant death syndrome (SIDS), cgfigenital central hypoventilation syndrome,
Alzheimer’s disease, Parkinson’s disease, strokg, Duchenne muscular dystrophy, and brain
and spinal cord traumatic injury.

38. The method of g him 37, wherein the respiratory depression is caused

narcotic.

39, Thegnethod of claim 36, wherein the subject is turther administered at

least one additional aggsit useful for treating the breathing disorder or disease,

40¢"  The method of claim 39, wherein the at least one additional agent is
selected fromﬂdfg e group consisting of doxapram and enantiomers thereof, acetazolamide,
almitrine, (ffieophylline, caffeine, methylprogesterone and related compounds, sedatives that
increasg%ifusal threshold in sleep disordered breathing patients, benzodiazepine receptor
aoogigts orexin antagonists, tricyclic antidepressants, serotonergic modulators, adenosine and
a;}cnosme receptor and nucleoside transporter modulators, cannabinoids, orexins, melatonin

‘/‘agomsts ampakines, sodium oxybate, modafinil, armodafinil, and inhaled therapeutics.
.;l
%

/ - 161 -



WO 2014/151462 PCT/US2014/025792

41.  The method of claim 39, wherein the compound and the agent are ;if
¢
separalely administered (o the subject. f*‘%
42, The method of claim 39, wherein the compound and the agent gﬁvco-

o
administered to the subject, further wherein the compound and the agent are physigfgﬂy mixed

or physically separated when administered to the subject, c-,s'?

Vi

5
43, The method of claim 36, wherein the subject is fur[kgﬁ? administered at

least one additional therapeutic agent known to change normal breathing’control in the

subject. &
44, The method of claim 43, wherein at Ieagone additional agent is
selected from the group consisting of opioid narcotics, benzgdiazepines, sedatives, sleeping

aids, hypnotics, propofol, and any combinations thereof. ¢

45, The method of claim 36, whfrein the composition is administered in
conjunction with the use of a mechanical ventilglion device or posilive airway pressure

device on the subject.
46. The method of ¢4 faim 36, wherein the subject is a mammal or bird.

47,

af‘
48. Theghethod of claim 36, wherein the composition is administered to

the subject by 4 nasal, "l alational, topical, oral, buccal, rectal, pleural, peritoneal, vaginal,
intranscular, subg aneous, transdermal, epidural, intratracheal, otic, intraocular, intrathecal

or intravenous ;%ie.
# 49, The method of claim 48, wherein the composition is orally

adminigygrid to the subject.
7
I

p
jﬂf 50.  The method of claim 36, wherein the at least one compound is selected

P
jf‘rom the group consisting of:
7

/
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N2, NC-Dimethyl-N* N*-di-n-propyl-pyrimido(5,4-d]pyrimidine-2,4,6,8-tetraamine;
Nz,N4,N6,NS—Tetra—n—propyl—pyrimido[5,4—d]pyrimidine-2,4,6,8-tet1'aamine; 5‘?
NZ,Nﬁ—Di—n-buLyl—N“,Ng—di—n—propyl—pyrimido[5,4—d]pyrimidine—2,4,6,8-leLraamine; f
N N®-Di-i-propyl-N*,N®-di-n-propyl-pyrimido[ 5,4-d Jpyrimidine-2,4,6,8-tetraamine: {;ff
N? NS- Dimethyl-N*-nz-propyl-N%-prop-2-ynyl-pyrimido[5,4-d)pyrimidine-2,4,6,8- leuag'fnlne

N, N°Bis- -(N-methoxy(N-methyl)amino)- N NE -bis-n-propylamino-pyrimido| 5,4- d,}“

pyrimidine; 53”

N-(6-Chloro-4,8-bis-propylamino-pyrimido[ 5,4-d]pyrimidin-2-y1)-O,N-dimet] y]-

hydroxylamine; {j;;r
N2 NC-Bis-(N- -Methoxy(N-methyl)amino)- -N* N®.bis-n- propylamino- I?rypimdo[s -]
pyrimidine hydrochloride; ﬁ'

N2-Methyl-N*,N°®-di-n-propyl-pyrimido[3,4-d]pyrimidine-2,4,8-t '5mine;
O,N-Dimethyl-N-(6-methylamino-4,8-bis-n-propylamino-pyriglido[5,4-d] pyrimidin-2-y1)-

hydroxylamine; y
N* NE- Dimethyl-N? NC-di-n- -propyl-pyrimido[5,4- d]pyn 1d1ne—2,4 6,8-tetraamine;
N?,N? N°-Trimethyl-N* N®-di-n-propyl-pyrimido[5,4, 'pynnlldlne-2,4,6,8 -tetraamine;
6-Chloro-N*-methyl-N* N-di-z-propyIpyrimido[ 54-dpyrimidine-2,4,8-triamine;
Ng,Na-DieLhyl-NG-methy1-N4,N8-di-n-propyl—p

imido{3,4-d]pyrimidin-2-yl-amino)-ethanol;

Aimido[5,4-d]pyrimidine-2,4,6,8-telraamine;
2-(4,8-Bis-n-propylamino-6-methylamino-p;
Nz—(Z—Mclhoxy—cthyl)-Nﬁ—mclhyl-N‘l,Ns- r-propyl- pyrimido[5,4-d]pyrimidine-2,4,6,8-
tetraamine; F. ‘
N2-(2-Isopropoxy-ethyl)- N6-111e1hy * N®-di-n-propyl-pyrimido{5,4-d]Jpyrimidine-2,4,6,8-
tetraamine; ’
N®-Methyl-N* ,N6—di—n-pr0p ' *-(3,3,3-trifluoropropyl)-pyrimido[5,4-d|pyrimidine-2,4,6,8-
tetraanine
N Methyl-N* N°-di-n-p
N*-Methyl-N* N°-
N2-Methyl-N*,Ni%

opyl-6-(morpholin-4-yl)-pyrimido| 5,4-dpyrimidine-2,4,8-triamine;
i#h-propyl-6-(piperidin-1-yl)-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;
di-n-propyl-6-pyrrolidin-1-yl-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;
N? -Methyl- N4 8 _di- -n-propyl-6-(4-methoxy-piperidin- 1-yl)-pyrimido[ 5,4,-d Jpyrimidine-
24 -tnamme
N2-(3-CHlloro-2-methyl-benzyl)-N°-methyl-N*,N°-di-n-propyl-pyrimido[5,4-d]pyrimidine-
.v'f’ 2,4,6,8-tetraamine;
I}I;f(B .4-Dichlorobenzyl)- N° methyl-N NE-din- -propyl-pyrimido[3,4-d]pyrimidine-2,4,6,8-

‘yri tetraamine;

4
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N*-(4-Fluorobenzyl)-N°-methyl-N*,N®-di-»-propyl-pyrimido[ 3,4-d]pyrimidine-2,4,6,8-

tetraamine;

‘ff

4
6—Ch]oro—N4,N8—dimethyI-N 2-n—propyl—pyrimido[S,4-d]pyrimidine—’_’,4,8-11'iamine; d’f

Nz,N2,N4,NS—Tetramethyl-N(’-n—p1'opy1—py1'imido[5,4-d]pyrimidine—2,4 6,8-tetraamine; {;Jf
N* N*- Diallyl- N* NE- -dimethyl- Ns—n—propyl pyrimido[5,4-d]pyrimidine-2,4,6,3- tetraanyhe

2-[(4.8-Bis-methylamino-6-n-propylamino-pyrimido[5.4-d]pyrimidin-2-yI)- methyi ﬁ'lmno]

ethanol; ;2’5
N”-(2-Isopropoxy-ethyl)-N* N° -dimethyl- N-n- -propyl-pyrimido[5,4- d]pynmlf)(ﬁne-lcl 6,8~
tetraamine; y‘f

2-[N-(Z-Dimethylamino-ethy])-N-methyl]a1nin0-N4,NB—di1nethyl-N6-nf)gl"'c’>pyl—pyrimid0[5,4-

d]pyrimidine-4,6,8-triamine; Vi
¥
2-[(4,8-Bis-methylamino-6-n#-propylamino-pyrimidof5,4- d]pyrmm-”-y]) (2-hydroxy-

cthyl}-amino]-ethanol;

N? N™-Bis-(2-methoxyethyl)-N* ,Ns-dimethyl-N(’-n-propyl-mido[S,4-d]pyrimidine-
2,4.6,8-tetraamine; F ’
6-(4-Oxo-piperidin-1-yl)-N*,N®-dimethyl-N*-n-propy ‘1in0—pyrimid0-[5,4—d]pyrimidine—
2,4, 8-triamine;
N-(3-Trilluoromethyl-piperidin-1-y1)-N*,N®-digfiethyl-6-n-propylamino-pyrimido-[5,4-
d]pyrimidine-2,4,8-triamine; ‘ |
N*-6-n-Propylamino-N* N®-dimethyl-2-(14 dioxo-thiomorpho]in-4-yl)-pyri111ido-[5,4-
d]pyrimidine-2,4,8-trianine; .
Nz-n-Propyl-N4,Ns-dimethyl-ﬁ-(ﬂr,Huoro-piperidin-1-yl)-pyrimido[5,4-d]pyrimidine-
2.4.8-triamine; 7
Nz,N4,N6,N8—Tetramethyl—py' 1.id0[5,4-d]py1'i111idine-2,4,6,S-uelraamine;
N%NC-Diethyl-N*N-dimgghyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tctraamine;
N2 N°-Dij-n-butyl-N* N
Zimethyl-N* N°-dimethyl-pyrimidof5,4-d|pyrimidine-2,4,6,8-tetraamine;

¢“dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
N? N°-Bis-cycloprog
N?,N®-Diisobuty y
N2 NC- -Diallyl *NE- dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

2- Ch]or;;';’(’l\l N'-dimethyl-hydrazino)-N* N*-dimethyl-pyrimido[5,4-d]|pyrimidine-4,8-

* N:_dimethyl-pyrimido[5,4- d]pyrimidine-2,4.6,8-tetraamine;

amine:

6-(Nf,?€’ -Dimethyl-hydrazino)-N? N% N*, N®-tetramethyl-pyrimido| 5,4-d |pyrimidine-2,4,8-

¥ triamine;

27 By
jN“,NS—Dimethy]-6-pr0poxy-N“-n—propyl—pyrimido[5,4—d]pyrimidine-2,4,S-Eriamine;
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N* N¥-Dimethyl-N>-n-propyl-6-propylsulfanyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

6-B enzyloxy—NJ‘,NS—dimethyl-Nz-n—propyl-pyn'mido[5,4-dprrimidine-2,4,8-t1‘iamine; !;f
4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2-ol; ﬁf
4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidine-2-carbonitrile; f;fff

N* NE-Diniethyl-N-n-propyl-6-(aminomethyl)-pyrimido[5,4-dIpyrimidine-2,4,8- mam}'ﬁe

6-Carbamaoyl- N NS -dimethyl- Nq-n-pxopyl -pyrimido[5,4-d]pyrimidine-2,4,8- mamnpﬁ,

4, 8-Bis-methylamino-6-n#-propylamino-pyrimidof5,4- d]pyrmndme—’?-ca]boxyhc ,ﬁfmd

N-(n-Propyl)-[4,8-bis-methylamino-6-n-propylamino-pyrimidof 5,4- d]pynnngl;’ﬁ- -ylj-
amidine; éf?'f

N NE- -Dimethyl- N*-n- -propyl-6-(4-fluorophenyl)- pyrimido[5,4- d]pyrmn:éfme—lél 8-triamine;

N2-Methyl-N* N*-di-n-propyl-6-(4-fluorophenyl)-pyrimidof 5,4- d]py midine-2,4,8-triamine;

N* N®-Dimethyl-N*-n-propyl-pyrimido[3,4-d]pyrimidine-2,4,8- maﬂnme

6-n-Butyl-N>-methyl-N*,N-di-n-propyl-pyrimido[3,4-d |pyrimj# 1nc—2,4,8-tn'aminc;

6-Methoxy-N-Methyl-N*,N®-di-n-propyl-pyrimido[5,4-d]p# midine-2,4,S-triamine;

6-Methylamino-4,8-bis-n-propylamino-pyrimido| 5,4-d g midine-Z-carbonilri]e;

NZ,N*N® N®-Tetraethyl-pyrimido[5,4-d]pyrimidine-2 ,8-tetraamine

2,6-Dichloro-N* N®-diethyl-pyrimido{5,4-d jpyrimighine-4,8-diamine;

N* NE-Diethyl-N° N°-Di-n-propyl-pyrimido[5,4,4 py1-imidine-2,4,6,8-lelraamine;

N’ N°-Bis-cyclopropylmethyl-N* N&-diethyl #yrimido[5 4-d Jpyrimidine-2,4,6,8-tetraamine;

N2,Nﬁ-Dicthyl-N4,N8-bis-cyclopropylmc -pyrimido[5,4-d]pyrimidinc-2,4,6,8-tctraaminc;

NE,NQ,N(’—']‘rieﬂlyl—N4,N8-bis—cyc]0pr0 / nethyl-pyrimido[S,4-dJpyri1nidine—2,4,6,8-
{etraanmine; /

6-Chloro-N-ethyl-N? N%-bis-cycbpropylmethyl-pyrimido[5,4-d Jpyrimidine-2,4,8-triamine;

N2, N-Dicyclopropyl-N* N#di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

NZ,N(’-Bis-cyclopropyl #thyl-N*,N®-di-n-propyl-pyrimido[ 5,4-d Jpyrimidine-2,4,6,8-
tetraamine; |

Ng,Nz,Nﬁ,NG—Tetr nethyl-N* N2-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N*NE-Diallyl-}" N°-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

NN NE-T, ”ﬁllyl-ﬁ— [4-(4-fluorobenzyl)-piperazin-1-yi]-pyrimido[ 5,4-d]pyrimidine-2,4,8-
tﬂgﬁ:me

6- (,h};f o-N2,N* N® -triallyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N f{é N*-Triallyl-6- {4-[bis-(4- fluorophenyl)-methyl]-piperazin-1-yl }-pyrimido[5,4-d]

,"I

/ pyrimidine-2,4,8-triamine;
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N*,N* N°-Triethyl-N*,N®-di-n-propyl-pyrimido[5,4-dpyrimidine-2,4,6,8-tetraamine;
(4,8-Bis-methylamino-6-n-propylamino-pyrimido| 5,4-d Jpyrimidin-2-ylamino)-acetic acid fﬂb
tert-buty! ester; ‘gj
(4,8-Bis-methylamino-6-n-propylamino-pyrimido[ 5,4-d]pyrimidin-2-ylamino)-acetic aci'g;,“
N—n-PropyL[2—(4,8—bis-methylamino-6-propy]amin0-pyn’mido[5,4—d]pyrilnidin-Z-yla‘]ﬁ;j}i"r‘;o)]-
acetamide; {ff '
(6-Chloro-4,8-bis-methylamino-pyrimido[5,4-d]pyrimidin-2-ylamino)-acetic ai}d’%thyl ester;

o

a salt thereof, and any combinations thereof. 4
g
s
51.  The method of claim 36, wherein the salt is selecgd from the group
consisting of sulfate, hydrogen sulfate, chloride, bromide, iodide, nitgate, carbonate,
7
phosphate, hydrogen phosphate, dihydrogen phosphate, formate, géetate, propionate,
succinate, glycolate, gluconate, lactate, malate, tartrate, citrate gascorbate, glucuronate,
maleate, fumarate, pyruvate, aspartate, glutamate, benzoateganthranilate, 4-hydroxybenzoate,
phenylacetate, mandelate, pamoate, methanesulfonate, efianesulfonate, benzenesulfonate,
pantothenate, triflucromethanesulfonate, 2-hydroxye hnesulfonate, p-toluenesulfonate,
sulfanilate, cyclohexylaminosulfonate, stearate, algfnate, B-hydroxybutyrate, salicylate,

galaclarale, galacturonate, saccharin, saccharatgfand glycerophosphonale.

52. A mcthod of prevegiling destabilization or stabilizing breathing rhythm
in a subject in need thereof, the methofd comprising administering to the subject an effective
anount of a pharmaceutical compggfition comprising at least one pharmaceutically acceptable

carrier and at Jeast one compouy X or salt thereof selected from the group consisting of:

R2
; I
R %
A RY
-~
= N
R
N Y N
4 N
A;&l )[(/ \R5
a compg nd of formuia (I): R® (1), wherein in formula (I):
y /R!, R% R3 RY, R%, RS, R7 and R® are independently H, alkyl, substituted alkyl,
£
f{/ cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl,
f"/ substituted alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted
F
%
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phenylalkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl,
heteroarylalkyl, substituted heteroarylalkyl, heteroaryl or substituted f’f’
heteroaryl; &
orR' and R*, R and R*, R and R®, or R” and R® independently combine as to for (;qf
biradical selected from the group consisting of 3-hydroxy-pentane-1,5- giyl 6-
hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and‘
pentane-1,5-diyl; 55'?
each occurrence of X is independently selected from the group consm}fﬁg of bond,
NH, NR and 0; and, 5;’

each occurrence of X is independently alkyl or substituted alk;;lr;f

4 compound of formula (11): R II), wherein in formula (II):

R, R* R, R?, R7 and R® arc independent)f , alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkenyl, dobstituted alkenyl, alkynyl, substituted
alkynyl, phenyl, substituted ghenyl, phenylalkyl, substituted phenylalkyl, aryl,
substituted aryl, arylalkylg substituted arylalkyl, heteroarylalkyl, substituted
heteroarylalkyl, hetergfryl or substituted heteroaryl;

orR' and R?, R? and RY, d R®, or R” and R? independently combine as to form a
biradical selecteg rom the group consisting of 3-hydroxy-pentane-1,5-diyl,
6-hydroxy-cy oheptane—l,dl-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-14-diyl;

7
each occurren # of X is independently selected from the group consisting of bond,

&
each ocgﬁ‘rence of R? is independently alkyl or substituted alkyl;

R0 isA1, halogen, cyano, alkyl, substituted alkyl, alkoxy or substituted alkoxy;
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pentane-1,5-diyl;
each occurrence of X is independently $2lected from the group consisting of bond,
NH, NR’ and O;

33.  The methfd of claim 52, wherein the destabilization is associated with
a breathing control disorder ¢ disease selected from the group consisting of respiratory
depression, sleep apnea, gfinea of prematurity, obesity-hypoventilation syndrome, primary
& syndrome, dyspnea, altitlude sickness, hypoxia, hypercapnia, chronic

alveolar hypoventilatig
g
disease (COPD), sudden infant death syndrome (SIDS), congenital

obstructive pulmong
)
central hypovegﬁiation syndrome, Alzheimer’s disease, Parkinson’s disease, stroke,

Duchenne m;_,ffcular dystrophy, and brain and spinal cord traumatic injury.

/?'lr
I
4;/ 54.  The method of claim 53, wherein the respiratory depression is caused

by 4 { anesthetic, a sedative, a sleeping aid, an anxiolytic agent, a hypnotic agent, alcohol or a

s
j;y?cotlc.
&
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55.  'The method of claim 52, wherein the subject is further administered at }fﬂ

fﬁ

56. The method of claim 55, wherein the at least one additional avegrf is

least one additional agent uselul for treating the breathing disorder or disease.

selected from the group consisting of doxapram and enantiomers thereof, acetazolarﬁhde

7
almitrine, theophylline, catfeine, methylprogesterone and related compounds, su}f;;wes that
increase arousal threshold in sleep disordered breathing patients, benzodlazeg;ﬁii receptor
agonists, orexin antagonists, tricyclic antidepressants, serotonergic modulz)};brs adenosine and
adenosine receptor and nucleoside transporter modulators, cannabmmdsé; orexins, melatonin
agonists, ampakines, sodium oxybate, modafinil, armodafinil, and inffzled therapeutics.

s

ipound and the agent are

57. The method of claim 55, wherein the cop
separately administered to the subject.

58.  The method of claim 55, whergy | the compound and the agent are co-
administered to the subject, further wherein the copfpound and the agent are physically mixed
or physically separated when adninistered to thy subject.
59.  The method of claig 52, wherein the subject is further administered at
least one additional therapeutic agent kffown to change normal breathing control in the

subject

60. f 10d of claim 59, wherein at least one additional agent is

The method of claim 52, wherein the composition is administered in

conjunction wgta the use of a mechanical ventilation device or positive airway pressure
S

device on U subject.
7,
5

& 62, The method of claim 52, wherein the subject is a mammal or bird.
‘;‘j' 63. The method of claim 62, wherein the mammal is 2 human.
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64. The method of ciaim 52, wherein the composition is administered to ;5?
the subject by a nasal. inhalational, topical, oral, buccal, rectal, pleural, peritoneal, vaginal, ffy

intramuscular, subcutaneous, transdermal, epidural, intratracheal, otic, intraocular, intratlr}g al
£

Or intravenous route, s
.6’
63. The method of claim 64, wherein the composition is orally?"
@
administered to the subject. £
7

P
4

66. The method of claim 52, wherein the at least one:_é%mpound is selected
from the group consisting of: Vi -
Nz,Nﬁ-Dimethy]-N4,N8-di-n-propy1~pyrimido[5,4-d]pyri1nidine-2 ,%,S—tetraamine;

N2 N N®,N®-Tetra-n-propyl-pyrimido[ 3,4-d]pyrimidine-2,4,6,3tctraamine;

NE,N(’-Di—n—butyl—N4,Ng—di—n~pr0pyl-pyrimid0{5,4-d]pyrimi e-2,4,6,8-tet1‘aamine;

NE,N6—Di—i—pr0pyl—N4,Ng-di-n—propyl-pyrimido [3,4-d]pyp 1idine-2,4,6, 8-tetraamine;

N2, N®-Dimethyl-N*-n-propyl-N®-prop-2-ynyl-pyrimi ’,4-d]pyrimidine-2,4,6,S-Letraamine;

Nz,N6-Bis-(N-methoxy(N-methyl)amino)-N4,N3-b' fi2-propylamino-pyrimido[5,4-d]
pyrimidine; g |

N-(6-Chloro-4,8-bis-propylamino-pyrimido] -d]pyrimidin—Q-yl)-O,N-dimethyl—
hydroxylamine; r 4

N2 NC-Bis-(N -Methoxy(N-methyl)yamig -N4,N8-bis-n-propylamino-pyrimido[5,4-d]
pyrimidine hydrochloride; r

hydroxylamine;
N*N®-Dimethyl-N> N°#{-2-propyl-pyrimido[ 5,4-d|pyrimidine-2,4,6,8-tetraamine;
NQ,NE,N(’»Trimethyl 4 4,N8—di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
6-Chloro-N*-met}§1-N*,N®-di-n-propylpyrimido[5,4-dJpyrimidine-2,4,8-triamine;
N2 N-DiethyN’-methyl-N*,N®-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
2-(4,8-Bis- ",propylamino—ﬁ-methy]amino-pyrimido[5,4—d]pyrimidin-2—y1-amino)-ethanol;
Nz-(Z—M}{(:xy—ethyl)-Nc'-lllethyl—N4,Ns—di—n—propyl- pyrimido[5.4-d]pyrimidine-2.4,6,8-
¥ telraamine;
N‘;?J(Z-Isopropoxy-elhyl)-N(’-melhyl-N4,N8-di-r1-propy]—pyrimiclo[5,4-(1]pyrimidine-2,4,6,8-
j”v tetraamine:;
F
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/

NS-Methyl—N”‘,Né-di—n—propyl—Nz-(?a,3,3—tl'ifluoropropyl)-pyrimido[5,4-d]pyrimidine-?.,4,6,8—
tetraamine , fr‘f
Nz-MemyLNﬂNs-di-n-propyl-6~(mmpholin-4-yl)-pyn'nndo[s,4-d]pyrimidine-z,4,8-uiamin§;ﬁ‘
NZ-Methyl-N4,Ns-di—n-propyl-6-(piperidin- 1-yl)-pyrimido[5,4-d]pyrimidine-2,4, 8-triami‘?¢f;
Nz-Methyl-N4,Ns-di-:z~pr0py1~6—pyrrolidin—1—yl-pyrimido[5,4-d]pyrimidine—2,4,8-lriagg‘fr1e;

N*-Methyl-N*,N®-di-n-pro y1-6—(4-methoxy—piperidin—l-yl)—pyn’mido[S,4,-d]pyrimjﬂ?ne-
prop Vi

2,4,8-triamine; G_s;’
-
N 2'(3'Chlom'2'meﬂ'l3!1-b31111)’1)-1\16-1116lhyl-N4,NS—di-M-propyl—pyrimidﬁ[5,4-‘3'}13?:}'I'i111ic1ine-
2,4,6,8-tetraamine; I

P

NE-(3,4-Dichlorobenzyl)-N"’-memyl-N4,Ng-di-n-propyl-pyrimido[s,4-;1}%mmidine-z,4,6,8-
tetraamine; rd

N~-(4-Fluorobenzyl)-N®-methyl-N*,N®-di-n-propyl-pyrimido[ 5,4-¢f|pyrimidine-2,4,6,8-

tetraaming; )
6—Ch10r0-N4,N8—dimethyl-Nz-n—propyl—pyrimido[5,4—d]pyr idine—2,4,8-t1‘iamine;
N*N* N*,N®-Tetramethyl-N°-n-propyl-pyrimido[$,4-d Iy 'rmidine—2,4,6,8-tetmamine;
NZ,NE-DiallyI-NJ,NS—dimelhyl-Nﬁ—n-propyl—pyrimido '—d]pyri1nidine—2,4,6,S-tetraamine;
2-[(4.8-Bis-methylamino-6-n-propylamino-pyrimigo[5,4-dpyrimidin-2-yl)-methyl-amino]-
ethanol, A
Nz-(2—Isopropoxy-ethy])-N4,Ns-dimethyl—N -propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-
tetraaming; . '
2-|N~(2-Dimethylamino-ethyl)-N-metjs 1]amino—N4,N8-dimethyl-Nc’-n-propyl-pyrimido[5,4-
dIpyrimidine-4,6,8-riamin
’.2-[(4,8—Bis-met.hylamino-6-n-pr_ylamino—pyrimido[5,4—d]pyrimidin-2-yl)-(2-hydroxy-
ethyl)-amino]—ethano '
N?,N2-Bis-(2-methoxyethyf

2,4,6,8-tetraamjse;

-N* N*-dimethyl-N°-n-propyl-pyrimido[5,4-d|pyrimidine-

6-(4-Oxo-piperidin- yl)-N",NS-dimethy1-N2—n—propylamino-pyrimido-[5,4-d]pyrimidine-
2.,4,8-tria 3/1ne;
Nz-(3-Tﬂﬂu%;g";nethyl-piperidin-1-y1)-N4,N8-dimechy1-6-n-propylanﬁno-pyrimido-[5,4-
dIpytimidine-2,4,8-triamine;
N2-6-n-Popylamino-N* N*-dimethyl-2-(1,1-dioxo-thiomorpholin-4-y)-pyrimido-[5,4-
# dlpyrimidine-2,4,8-triamine;

I}I;-.{n-Propyl—N4,N8—din1etl1y1-6—(4,4-diﬂu0ro-piperidin- 1-yD)-pyrimido[5,4-d]pyrimidine-

4

/ﬂ

%l

'f
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WO 2014/151462 PCT/US2014/025792

N? N* N® N*-Tetramethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
N?,N°-Diethyl-N* N®-dimethyl-pyrimido] 5,4-d]pyrimidine-2,4,6 8-tetraamine:;

f‘f

N, N®-Di-n-butyl-N* N®-dimethyl-pyrimido{5,4-d]pyrimidine-2,4,6,8-letraamine; _4"{
Ng,N(’-Bis—cyclopropyllllethyl-N4,N8-dimethyl-pyﬁmido[s,4-d]pyrimidine-2,4,6,8-tetraa1}_;ine;
N*N°-Diisobutyl-N*,N®-dimethyl-pyrimidol[5,4-d]pyrimidine-2,4,6,8-tetraamine; 9;""

#
N?,N®-Diallyl-N* N®-dimethyl-pyrintido[ 5,4-d |pyrimidine-2,4,6,8- tetraamine; ﬁ,ﬁ‘
5
2-Chloro-6-(N,N ’—dimethyl—hydrazino)-NJ',NS-dimethyl—pyrimido[5,4—d]pyrimi<3§i§e-4,8-
diamine; ‘f

6-(N,N’-Dimethyl-hydrazino)-NZ,NZ,NﬂN*‘-tetramenhyl-pymnido[5,4-d]p3¢ﬁ'fnidine-2,4,8-
triamine; E 4
N“‘,NS-Dimethyl—6—propoxy-N2-n-propyl-pyrimido[5,4-d]pyrimidin, ,4,8-triamine;
N”‘,NS-Di111ethy1—N2—n-propyl—ﬁ-propy]sulfanyl-pyrimid0[5,4-d]p fimidine-2,4,8-triamine;
6—Bcnzy10xy—N4,N8-dimcthy]-Nz—n—propyl-pyrimido[S,4-d]py ¥ idinc—2,4,8—tn'aminc;
4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]py 1idin—2-ol;
4.,8-Bis-methylamino-6-n-propylamino-pyrimido[ 5,4-d]g# 'midine—?-carbonitrile;
N*N®-Dimethyl-N*-n2-propyl-6-(aminomethy1)-pyrin '[5,4-d]pyrimicline-2,4,S-tliamine;
6-Carbamoyl-N* N*-dimethy1-N*-n-propyl-pyrimigh[5,4-d]pyrimidine-2,4,8-triamine;
4,8-Bis-methylamino-6-n-propylamino-pyrimig|[ 5.4-djpyrimidine-2-carboxylic acid;
N-(n—Propyl)—[4,8—bis-methylamino~6-n-pro lantino-pyrimido[5,4-d]pyrimidin-2-yl]-
amidine; . '
N*'N s-Dimel:l‘nyl-Dql:)‘-n-propyl—G-(4-ﬂu o phenyl)-pyrimido[5,4-d]pyrimidine—2,4,8-triamine;
N%-Methyl-N*,N®.di-n-propyl-6-(4-f

v

orophenyl)-pyﬁmido[5,4—d]pyrimidine-2,4,8-triamine;
N‘*,NS-Dimethyl-Nl-n-propyl—py_ finido(5,4-d]pyrimidine-2,4,8-triamine;

6-;1-]3utyl-Nz-methyl-N“,Ns— ¢ *n-propyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N4,N8-Diethy Z,N(’-Di-n-propy]-pyrimido[S,4—d]pyrimidine—2,4,6,8-tetraamine;
N?,N°-Bis- #ZtloprOpylmethyl-NﬂNg-diethyl-pyrimido[s,4-d]py11'midine'2,4,6,8-tetraamine;
NZ,NG-Wg{zl-N“,Ns-bis-cyc]opropylmethyl-pyrimid0[5 4-d]pyrimidine-2,4,6,8-tetraamine;
Nz,lj.gﬁ{]ﬁ-Triethy]-N4,Ns—bis—cyclopropylmeLhyl-pyrimido[5,4-d]py1‘i111i(line-2,4,6,8—

f‘: tetraamine;

jg-Chloro—Nz—ethyl—N‘i,NS—bis-cyclopropylmethyl—pyrilmdo[5 ,4-d]pyrimidine-2,4,8-triamine;

jf*’
/
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N*,N°-Diethyl-N* N®-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
Ng,Né-Dicyclopropyl-N",NS-di-n-propyl-pyrimido[5,4-d]pyrimidine—2,4,6,8—Letraamine;

!,;f’

) 4 . . g {
N‘,N6-Bis—cyclopropyhnethyl—N4,N8-di-n-propyI-pyrnmdo[S,4-d]pynuudme—2,4,6,8— P4

tetraaniine; ‘f
NE,NZ,N(’,N6-Tetramethy1-N4,N8-di-n-propy]-pyrimido[s,4—d]pyrimidine—2,4,6,8-tetraq;ﬁ'}ine;

N4,N8-Diallyl-N Z,Nﬁ-dimethy]-pyrimido[5,4-d]pyri1nidine-2,4,6,8-letraamine; f,,
5 &
N*N* N®-Triallyl-6-[4-(4-fluorobenzyl)-piperazin-1-yl-pyrimidof5,4-d]pyrimidjde-2,4,3-
2

trianiine; 5
¥

6-Chloro-N? N* N%-triallyl-pyrimido[3,4-d]pyrimidine-2,4,8- triamine; ?,.;:"
N, N* N Triallyl-6- { 4-[ bis-(4-fluorophenyl)-methyl]-piperazin-1-yl }T;;/ﬁmido[s,ct-d]

pyrimidine-2,4,8-trianine; Vi

N* N*,N*-Triethyl-N*,N®-di-n-propyl-pyrimido[$,4-d]pyrimidine-, f£,6,8-tetraamine;
(4.8-Bis-mecthylamino-6-n-propylamino-pyrimido[5,4-d]pyriny in—Z—yIalalinO)-acctic acid
tert-butyl ester; ‘ ’
(4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d rimidin—Q—ylamino)-acetic acid;
N—n—Propyl-[2-(4,8-bis—n1ethy1an1in0-6-pr0pylamino-"imido[S,4-(1]pyri111idin—2-y1amin0)]-
acetaniide; _
(6-Chloro-4,8-bis-methylamino-pyrimido[5,4-d}pyrimidin-2-ylamino)-acelic acid ethyl ester;

a salt thereof, and any combinations

67.  The method of gfaim 52, wherein the salt is selected from the group
consisting of sulfate, hydrogen sul chloride, bromide, iodide, nitrate, carbonalte,
phosphate, hydrogen phosphate, fihydrogen phosphate, formate, acetate, propionate,
succinate, glycolate, qucona ‘lactate, malate, (artrate, citrate, ascorbate, glucuronate,
maleate, fumarate, pyravaj, aspartate, glutamate, benzoate, anthranilate, 4-hydroxybenzoate,

phenylacetate, mandelaje
%

, pamoate, methanesulfonate, ethanesulfonate, benzenesulfonate,

pantothenate, triflug,

sulfanilate, cyclo" xylaminosulfonate, stearate, alginate, B-hydroxybutyrate, salicylate,
&

methanesulfonate, 2-hydroxyethanesulfonate, p-toluenesulfonate,

galactarate, gaddcturonate, saccharin, saccharate, and glycerophosphonate,
» ’4,
/ 68. The compound of claim 1, wherein the compound is N>-N°-bis-
cyclf)g’sfjopylmethyl-N",Ns-di111ethy1—pyrimid0[5,4-d]py1‘imidine-2,4,6,8-Leu'aamine and

w‘}f erein the X-ray powder diffraction spectrum of the compound comprises 20 values (in
7

o

rd
Vi
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degrees) of about 8,12, 9.59, 12.60, 15.02, 16,33, 17.40, 18.98, 20.68, 21.72, 22,28, 23,98,

25.24, and 26.70. y
g‘b(

s

69. A method of preparing N*- N°-bis- cyclopropylmethyl N*, N —dmleyfyl—
pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine (84), comprising reacting 2,6- d1ch1010-Nﬁ N®.
dimethyl-pyrimido[5,4-d]pyrimidine-4,8-diamine and cyclopropylmethylamine in g’golvent.
c’;"

2
70.  The method of claim 69, wherein the reaction is run u;;eder heating and

wherein (84) precipitates from the solvent once the reaction systent is coo,]ﬁé'd to room

temperature, }!’r
&

71. The method of claim 69, wherein the solv t comprises n-butanol,

?

72, The method of claim 70, wherein thegfprecipitated (84) is recrystallized

from n-butanol,

73,  The method of claim 72, whfrein the recrystallized (84) has a X-ray
powder diffraction spectrum comprising 2@ vafies (in degrees) of about 8.12, 9,539, 12.60,
15.02, 16.33, 17.40, 18.98, 20.68, 21.72, 22£8, 23.98, 25.24, and 26.70.

74, The method of g#laim 69, wherein the 2,6-dichloro-N4,N8—dixlleth3'1-
pyrimido[5,4-d]pyrimidine-4,8-di Aine is prepared by reacting 2,4,6,8-tetrachloro-

pyrimido[5,4-d]pyrimidine and, ethy]amine in a solvent,

75. ¢method of claim 74, wherein the ratio of equivalents of 2,4,6,8-

174 -
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AMENDED CLAIMS
received by the International Bureau on 30 September 2014 (30.09.2014)

LISTING OF THE CLAIMS v
This listing of claims will replace all prior versions, and listings, of claims in the {;‘
" &
application. &
pp ; 7
1. A compound or salt thereof selected {rom the group consistinjgﬁ“gf:
R? f
RL X 2
SN j"
AR
-~ §
N N X 7
R /
NN I N - y
§ NN s
RB/ \'!l/ _ﬂ“;{
>I(/ \R5 l f
a compound of formula (I): R® (I, wher in formula (I):

R!,R% R® R%, R°, R, R” and R® are independentlyfl, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, alke :,,-"" substituted alkenyl, alkynyl,
substituted alkynyl, phenyl, substitutgll phenyl, phenylalkyl, substituted
phenylalkyl, aryl, substituted aryl£ ylalky], substituted arylalkyl,
heteroarylalkyl, substituted hety 'arylalkyl, heteroaryl or substituted
heteroaryl; ‘ '

or R' and R%, R? and R*, R® and J°, or R” and R® independently combine as to form a
biradical selected froe group consisting of 3-hydroxy-pentane-1,5-diyl, 6-
hydroxy-cyclohepig c-1,4-diy1, propanc-1,3-diyl, butanc-1.4-diyl and
penlane-l,S-di .

each occurrence of J#1s independently selected from the group consisting of bond,

& R
a f'émpound of formula (II): R (I1), wherein in formula (11):

,f R',R*, R* R’ R” and R® are independently H, alkyl, substituted alkyl, cycloalkyl,

f’ 175
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substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted

alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, ary “f
substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituteg

heteroarylalkyl, hicteroaryl or substituted heteroaryl;

\ | . &
or R! and R, R? and R4, R> and Ré, or R” and R® independently combine asﬁ) form a
biradical selected from the group consisting of 3—hydroxy—pentan¢gi§i ,5-diyl,

6-hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1 ,ﬁfﬁiyl and

pentane-1,5-diyl; A,f’f

each occurrence of X is independently selected from the group Jgi){lsisling of bond,
NH, NR® and O; s

cach occurrence of R® is independently alkyl, or substitul ‘alkyl;

RYis H. halogen, CN, amidino, amido, carboxy, carbo ¢ nido. hydrazino, OH, alkyl
or substituted alkyl, alkoxy or substituted al o or thioalkoxy or substituted

thioalkoxy; and,

a compound of formula (I11):

R! R? R*,R* R and#t

substitutedg€ycloalkyl, alkenyl, substituted alkenyl. alkynyl, substituted

alkynylphenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
subsfftuted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted

L

hgteroarylalkyl, heteroaryl or substituted heteroaryl;
or l;ljéld Rz, R? and R4, R® and Rﬁ, orR” and R® independently combine as to form a

) 7 biradical selected from the group consisting of 3-hydroxy-pentane-1.5-diyl,

7 . . :
# 6-hydroxy-cycloheptane-1,4-diyl, propane-1.3-diyl, butane-1.4-diyl and

j‘r each occurrence of X is independently selected from the group consisting of bond,
7
- /1’ 176
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NH. NR” and O; :
each occurrence of RY is independently alkyl or substituted alkyl; and ff‘f

RYis [, halogen, CN, amidino, amido, carboxy, carboxamido, hydrazino, OI, alléyl

or substituted alkyl, alkoxy or substituted alkoxy, or thioalkoxy or subgfﬁutcd
“.\t

thioalkoxy; éﬁ‘
and any combinations thereof. f’f
G—f"
7
2. The compound of claim 1, wherein the compound iggelected from the

»
iz

group consisting of: j
N? N° -Dimethyl- -N* NE-di-n- propyl-pyrimido[5,4-d]pyrimidine-2.4 gi’g tetraamine;
N* N* N°® N? -Tetra-n-propyl-pyrimido[5.4-djpyrimidine-2.4,6,8- quraamme

N? N°-Di-n-butyl-N* N*-di-n-propyl-pyrimido[ 5,4-d |pyrimidiné-2 4.6 8-tetraamine;
N? N°-Di-i-propyl-N* N*-di-n-propyl-pyrimido[5,4-d]pyrit ine-2,4,6,8—letraamine;
Nz,N6~Dimethyl—N4~n—propyl-NS-prop-2-ynyl—pyrimido ',—d]pyrirnjdine-2,4,6,8—telraamine;
NZ N°-Bis-(N-methoxy(N-methyl)amino)-N* N*-bis-; '1'0py]amino-pyrimido{S,4-dj
pyrimidine;
N-(6-Chloro-4,8-bis-propylamino-pyrimideo[3,4#d]pyrimidin-2-yl)-O,N-dimethyl-
hydroxylamine; ,
NZ,NG-Bis-(N-Melhoxy(N—methyl)amin 4,N8—bis—n—propylamino—pyrimido[5,4-d]
pyrimidine hydrochloride;
Nz—Mclhyl-N",Ng-di-n-propyl-pyri 0[5 4-d]pyrimidinc-2,4,8-triaminc;
O,N-Dimethyl-N-(6- melhyldml 0 4,S—bis—n—propylamino—pyrimido[S,4—d] pyrimidin-2-yi)-
hydroxylamine;
N* N*.Dimethyl-N* N d
NN N°® -Trimethyl- N

6-Chloro-N"-methy

-propyl-pyrimido[5.4-d]pyrimidine-2.4,6,8-tetraamine;
-di-n-propyl-pyrimjdo[S,4-d] pyrimidine-2,4,6,8-tetraamine;
R * NE_di-n-propylpyrimido(5,4-d]pyrimidine-2,4,8-triaminc;

s

NZ,Nl-Diethyl-l\_I%ethyl-N“,N*-di—n—propyl-pyrimido[s,4-d]pyrimicline-2,4,6,S-renraamine;

2—(4,8-Bis-n-H,f'bpylamino-ﬁ-methylamino-pyrimido[SA-d] pyrimidin-2-yl-amino)-ethanol;
NZ-(Z-Metyg);(y-elhyl)-Né-methyl-N4,Ns-di-n—propyl- pyrimido| 5,4-d|pyrimidine-2.4.6.8-

ybél'raamine;
P/

NZ—EJ'X/'Isopropoxy-elhyl)-N S.methyl-N*,N 8-di-arz-propyl—pyrimidoa[5,4—(1] pyrimidine-2,4,6,8-

jf tetraamine;

Jﬂ?\ls-MelhyI-N4,N(’—di—n—propyl—N2—(3,3_.3-lriﬂuoropropyl)-pyrimido[S,4—d]pyrimjdine—2,4,6,8—

177
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telraamine
Nz-MethyI-N4,Ng-di-n-propyl-ﬁ-(morpholin-4-yl)-pyrimido[5_.4—d]pyrinlidine—2,4.8-triamin%;-‘f
N*-Methyl-N* N2-di-n-propyl-6-(piperidin- 1-yl)-pyrimido[ 5 4-d]pyrimidine-2,4, 8-triamiry
N-Methyl-N* N2-di-n-propyl-6-pyrrolidin-1-yl-pyrimido[5,4-d] pyrimiding-2,4,8- lnang%f’nc
N*-Methyl-N*, N-di-n- propyl-6-(4-methoxy-piperidin-1-yl)-pyrimido[5.4, d]pyrlmlﬂme-

2.4,8-riamine; ;f‘f

g')

N*-(3-Chloro-2-methyl-benzyl)-N°-methyl-N* N®-di-n-propyl-pyrimidof5,4- Igrj‘pynmldme-

2.4,6.8-tetraamine; 6J)fj
N*-(3,4-Dichlorobenzyl)-N°-methyl-N* N°-di-n-propyl-pyrimido| 5.4- d}fbynmldme -2,4,6,8-
tetraamine; ' f"‘

N*-(4-Fluorobenzyl)- N° -methyl-N*,N*-di-n-propyl-pyrimido[5,4- ;l’]pymmdme—2 4.6,8-

tetraamine;
6-Chloro-N*N°-dimethyl-N*-n-propyl-pyrimido[5,4-d}pyriy idine-2,4,8-triamine;
Nz,NZ,N4,NS—Telramelhyl—Nﬁ—n—propyl—pyrimido[5,4—d] midine—2,4,6,8-letraamine;
N N*-Diallyl-N* N®-dimethyl-N°-n-propyl-pyrimido 4-d]pyrimidine-2,4,6,8-lell'aamine;
2-[(4.8-Bis-methylamino-6-n-propylamino-pyrimigo[5.4-d]pyrimidin-2-yl)-methyl-amino]-

ethanol; _
N*-(2-Isopropoxy-ethyl)-N*,N®-dimethyl-N°#-propyl-pyrimido[ 5 4-d]pyrimidine-2,4.6.8-

tetraamine; '
2-[N-(2-Dimethylamino-ethyl)-N-me#

© ]amino—N4,Ns—dimethyl—Nﬁ—n-propy]-pyrimido[5,4-
d]pyrimidine—4,6,8-[1'iamin
2-[(4,8-Bis-methylamino-6-n-prg ylamjno-pyrimido[5,4-d]pyrimidin-fz-yl)—(2-hyd1'0xy-
ethyl)-amino]-ethanoly
NZ,NQ-Bis-(Q-methoxyeth
2,4,6,8—tetraam ;
6—(4—Ox0—pipcridin; Zyl)—N4,Ns—dimclhyl—N2-n—propylamino-pyrimido-[5,4-d]pyrimidinc—

2.4,8-tria

-N4,N8~dimelhyl—Nﬁ-n—propyl—pyrimido[S,4—d]pyrimidine—

Nz—(3-Trifluo;pﬁnelhyl-piperidin-1 -y1)-N* N®-dimethyl-G-n-propylamino-pyrimido-[ 5,4-
d]pytimidine-2.4,8-triamine;
N2-6-n-§fffopyla1nino—N4_.N8—dimelhyl~2-(1 .1-dioxo-thiomorpholin-4-yl)-pyrimido-[5.4-
.f"’d]pyrimidine-2,4,8—triamine;
N.g',n—Propyl—N“,Ns—dimelhyl—ﬁ— (4.4-difluoro-piperidin-1-yl)-pyrimido[5,4-d]pyrimidine-
;"’? 2.4, 8-triamine;
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NZ,N4,N6,NS—Tetmmethyl—pyrimid0[5,4-d]pyrimidine—2,4,6,S—tetraamine;
Ng,N6-Diethyl—N4,NS-dimelhyl—pyn'mido[s,4-d]pyrimidine-2,4,6,8-Iell'aamine;
Nz,N6—Di—n-bulyl-N4,N8-dimelhy1-pyrimido[5,4-d]pyrimidine-2,4,6,S—tetraamine; ‘ﬂ
NZ,N6-Bis-cyclopropylmct‘hyl-N4,Ng-dimclhyl-pyrimjd0[5,4-d]pyrimidinc—2,4,6,8-tcl1:@zﬂminc;
NZ,N6—Diisobul'yl—N4,N8—dimethy1—pyrimido[S,4—d]pyrimidine—2,4,6,8—tetraamine; j"f
Ng,Nﬁ-Diallyl—N4,N8—dimelhyl—pyrimido[5,4—d]pyrimidine—2,4,6,8-telraamine; jjﬁv
2-Chloro-6—(N,N’—dimethyl—hydrazino)-N“,Ng-dimethyl-pyrimido[5,4-d]pyri’£pi’aine—4,8-
diamine; 4,;;*{?.
6-(N,N’-Dimethyl-hydrazino)-N* N* N*,N%-tetramethyl-pyrimido| 5 ,4-%}gyrimidine—2,4‘8—
triamine; fJ
N4,N3—Dimethy1—6—p1'opoxy—N2—rz—propyl—py:imido[5,4—d]pyrimid';rfé—2,4,8—t1iamine;
N4,Ns—Dimethyl-Nz-n-propyl—6—propylsulfanyl—pyrimido[5,4- d yrimidine—2,4,8—lriamine;
6—Benzyloxy-N4,N8-dimethyl-N2—n—propyl—pyrimido[5,4—d] {rimidine-2,4,8-triamine;
4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]y midin—2—ol;
4,8-Bis-methylamino-6-n-propylamino-pyrimido| 5,4 # pyrimidine—Z—carbonitrile;
N*,N*-Dimethyl-N-1-propyl-6-(aminomethyl)-pygmido[5,4-d]pyrimidine-2,4,8-triamine;
6-Carbamoyl-N*,N®-dimethyl-N*-n-propyl-pyripido[5,4-d]pyrimidine-2,4,8-triamine;
4,3-Bis-methylamino-6-r-propylamino-pyrighido[5,4-d]pyrimidine-2-carboxylic acid;
N-(n-Propyl)-[4,8-bis-methylamino-6-n-p py]amino-pyrimjdo[5,4-d]pyrimidin—2—yl]-

amidine;

6-n-Butyl-N*-methyl-N*, ¥ -di-n-propyl-pyrimido[5.4-d]pyrimidine-2 4 8-triamine;
6-Methoxy-N>-Methyl ,N8~di—n—propyl—pyrimido[5,4—d]pyn’midine—ZA,S—triamine;
6-Mcthylamino-4,8 8is-n-propylamino-pyrimido[5.4-d]pyrimidine-2-carbonitrilc;
N{N“,N(’,Ns-'re} e-lhyl—pyrimido[S_.4-cl]pyrimidine-2,4,6,8-lelraamine

2,6-Dichloro- ,Ng-dielhyl-pyrimido[5,4—d]pyrimidine~4,8-diamine;

N* N8-Die 'yl—NZ,NG—Di—n-propyI—pyn’mido[5,4—d]pyrimidine-2,4,6,8-tetraamine;
N{N“-l;,écyclopmpylmethyl-N{N"-diethyl-pyrimido[5,4-d]py1-imidine-2,4,6,8-1eu-aamine;
Nz,ql:,;ff]l)iethyl—N4,Ns—bis—cyclopropylmelhy]—pyn‘midolS,4—d]py1i1nidine—2.4,6,8—tetraamine;
I\dﬁ;’Nﬁ,N‘i—Tﬁethy1~N4,Ns-bis-cyclopropylmeahyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-

tetraamine;
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6-Chloro-N>-ethyl-N* N%-bis-cyclopropylmethyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine; V4
4

Nz,NG—Dietllyl—N4,N8—di—fz—propyl—pyn'mido[5,4—d]py1’imidiue-2,4,6,8-telraamine; i;‘
Nz,Né-DicycloprOpyl—N4,N8—di—n-pr0pyl-pyrimido[5,4—d]pyrimidine-2,4,6,8—tetraamine; {f&
NE,NG-Bis—cyclopropylmcthyl—N4,NS—di-:z-p1'opyl-pyrimido[5,4-d]py1‘imidinc-2,4,6,8- G::‘J
tetraamine; j’g
N?‘,NE,NG,N'S—Tetmmcthyl—N“,Ns—di—n—propyl—pyrimido[S,4-d]pyrimjdine-Z,4,6,%#’§ram11ine;
N4,N3-Dia11y1-N3,N"’-dimethy1-pyrimido[s,4-c1]pyrimidine-2,4,6,8-teu-aamin%f"
N’-’,N4,N8-Tria11y1-6-[4-(4-f1uorobenzy1)-piperazin-1-yl]-pyrimido[5,4-d]g)ﬂ‘fmidine-2,4,3-
triamine; j’y
6-Chloro-NZ,N4,NS-u-iauy1-pyrimido[s,at-d]pyrimidine-z,4,8-triamiqgf
N? N* N*-Triallyl-6- {4-[bis-(4-fluoro phenyl)-methyl]-piperazin- 1;*5’}‘1 }-pyrimido[5.4-d]
pyrimidine-2,4 8-triamine; ¢

N2 N2.NS-Triethyl-N* N®-di-n-propyl-pyrimido[5.4-d}pyrimg

% ine-2.4.6,8-tetraamine;
(4.8-Bis-methylamino-6-n-propylamino-pyrimido[ 5,4-d rimidin—2—ylamino)—acelic acid
tert-butyl ester; 4
(4,8-Bis-methylamino-6-n-propylamino-pyrimido[#,4-d]pyrimidin-2-ylamino)-acetic acid;
N-n-Propyl-{2-(4.8-his-methylamino-6-propylaghino-pyrimido[5.4-d]pyrimidin-2-ytamino)]-
acelamide;
(6—Ch10r0—4,8—bis—methylamjno—pyrimid 4-d]py1‘irnidin—2-ylamino)-acelic acid ethyl ester;

a salt or solvate thereof, and any combyf

3. The com g,o of claim 1, wherein the salt is selected from the group

consisting of sulfate, hydrogefi sulfate, hemisulfate, chloride, bromide, iodide, nitrate,

carbonate, phosphate, -f_n gen phosphate, dihydrogen phosphate, formate, acetate,

propionate, succinate, colate, gluconate, lactate, malate, tartrate, citrate, ascorbate,

glucuronate, malcate fumarate, pyruvate, aspartate, glutamate, benzoate, anthranilate, 4-

2k

hydroxybenzoatg ‘phenylacetate, mandelate, pamoate, methanesulfonate, ethanesulfonate,
benzenesulfopﬂ’te: pantothenate, trifluoromethanesulfonate, 2-hydroxyethanesulfonate, p-
lolucncsulf ;1alc, sulfanilate, cyclohexylaminosulfonate, stcarate, alginate, [3-
hydroxfyﬁulyrale, salicylate, galactarate, galacturonate, saccharin, saccharate,

glyc :)phosphonate, and any combinations thereof.

4 d.

A pharmaceutical composition comprising the compound of claim 1
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and at least one pharmaceutically acceptabie carrier.
s

V4

5. The composition of claim 4, further comprising at least one agent ¢
sclected from the group consisting of doxapram and cnantiomers thercof, acclazolami‘gé,
almitrine, theophylline, caffeine, methylprogesterone and related compounds, sedatiﬁfes that
increase arousal threshold in sleep disordered breathing patients, benzodmzepmqi%ceptm
agonists, orexin antagonists, tricyclic antidepressants, serotonergic 1‘nodulat01333c ‘adenosine and
adenosine receptor and nucleoside transporter modulators, cannabinoids, q,:.’exms melatonin
agonists, ampakines, sodium oxybate, modafinil, armodafinil, and mhz:l}éd therapeutics.

/

6. The composition of claim 5, wherein the cytﬁpound and the agent are

physically mixed in the composition.

7. The composition of claim 3. whetg 1 the compound and the agent are
physically separated in the composition. ‘

8. The composition of claing4, further comprising at least one agent

known to cause changes in breathing contro),

9. itiogin claim 8, wherein the at least one agent is selected

/
4

¢ The composition of claim 8, wherein the compound and the agent are

physically sep,aﬁ'aled in the composition.

&
I

,y"? 12. The composition of claim 4, wherein the composition allows [or
moc?ﬁ(ad delivery of the compound following oral administration to a subject.
I

j’

F)

jf" 13. The composition of claim 12, wherein the composition minimizes
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delivery of the compound to the stomach of the subject and maximizes delivery of the

;"f
#

compound to the intestine of the subject.

14,  The composition of claim 12, whercin the composition includcsﬁn
’,‘U
enteric coating. ﬁs’
5
. . . Y A

15, The composition of claim 12, wherein the compound hga‘contamed ina

pharmaceutically suitable capsule. 7
Vs
16. The composition of claim 15, wherein the ca}yﬁle contains granules or

Fy
powder of the compound. or an admixture of the compound wilhf’h excipient.

17.  The composition of claim 16, whercipf the excipicnt comprises a

binder, disintegrant. diluent, buffer, lubricant, glidant, a -oxidant, antimicrobial preservative,

colorant, or flavorant.

18.  The composition of claigg’16, wherein the capsule is enterically coated

but the granules or powders of the compoungfare not enterically coated.

19. The compositiogof claim 16, wherein the granules or powders of the

The composition of claim 16. wherein at least a portion of the granules
or powders o%,the compound are enterically coated.

k)
r/

_,y”’? 22, The composition of claim 21, wherein the capsule is coated with an
£
entegi¢ coating that is different from the enteric coating that coats the granules or powders of

l}éf’?compound.
4
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23.  The composition of claim 12, wherein the compound is coated ontoa ¢

base particle. whereby a core comprising the drag as a coating over the base particle is f}b
[ormed.
A

4

g

#
24.  The composition of claim 23, wherein the base particle is no*

enterically coated and the composition is contained in a pharmaceutically acceptggle capsule
I

‘(
&
P

&
¥
A

that is enterically coated.

25. The composition of claim 23, wherein the core iy&aled with an

enleric coating, thereby forming an enterically coated bead. )“j
4

30. g 4 The composition of claim 28, wherein the granules or powders of the

compound are j:’\;&gﬁcally coated.

Y
/ 31.  The composition of claim 30, wherein the granules or powders of the
£

compouy#td are coaled with a mulliplicity ol enlteric coalings, as (o provide delivery of drug (o

y;

diff%fgll regions of the intestine of the subject.

+
&

f

‘/7"’;a 32, The composition ol claim 30, wherein the enteric coating applied to the
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capsule differs from the enteric coating applied to any of the granules or powders of the Y

K
compound. a,a‘"

33. The composition of claim 15, wherein the compound is coated Qﬂlo a
A‘V
base particle to form a core comprising the compound as a coating over the base pagficle,

wherein the core is suspended in a pharmaceutically acceptable liquid, and whegﬁil the
P

suspended core is placed in a capsule. /g)“
P

17
4
34.  The composition of claim 33, wherein the capsu}e!’%s enterically coated
but the core is not enterically coated. ‘f‘?’)
4

#
I

€ capsule and the core are

35. The composition of claim 33, wherein t
cnterically coated. i

36. A method of preventing or tre g a breathing control disorder or
disease in a subject in need thereof, the method copiprising administering to the subject an
effective amount of a pharmaceutical compositifn comprising at least one pharmaceutically
acceptable carrier and at least one compoungfor salt thereof selected from the group

consisting of:

P2 I
a compound of fg,ﬁ?nula (D RS {I), wherein in formula (I):
R', R/.;lé R, R, R®, R” and R® are independently H, alkyl, substituted alkyl,
7

& cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl,

Y y y Y b b yny
},f substituted alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted

fy'f/ phenylalkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl,

heteroarylalkyl, substituted heteroarylalkyl, heteroaryl or substituted

4 heteroaryl;
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/

or R' and R% R? and R*, R® and R®, or R” and R® independently combine as to form a /
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl, 63’&0
hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and (f@
pentane-1,5-diyl; &

each occurrence of X is independently selected from the group consisting ogaf)ond

NH, NR’ and O; and, &
55'
cach occurrence of R is independently alkyl or substituted alkyl; f"'
4
R? 7
4
RLN/x Vi
L, s
-
NN X 4
R I\lj J
N & ~p3 3
NN
X 2
RE/ Y
R‘IO

(), 1

a compound of formula (If): herein in formula (11):
R',R* R’ ,R*, R" and R* are independently H, g f

yl. substituted aikyl, cycloalkyl,
substituted cycloalkyl, alkenyl, subsifuted alkenyl, alkynyl, substituted
alkynyl, phenyl, substituted phenyf, phenylalkyl, substituted phenylalkyl, aryl,
substituted aryl, arylalkyl, subg ulcd arylalkyl, heteroarylalkyl, substituted
heteroarylalkyl, heteroaryl gf substituted heteroaryl;

or R! and Rz, R* and R4, R’ and : " or R” and R® independently combine as to form a
biradical selected frohe group consisting of 3-hydroxy-pentane-1,5-diyl,
6—hydr0xy—cyc]0hzme—1 ,4-diyl, propane-1,3-diyl, butane-1,4-diyl and

pentane-l,S—di,

cach occurrengt of R® is independently alkyl or substituted alkyl;
R'"isH, hﬁogcn CN, amidino, amido, carboxy, carboxamido, hydrazino, OH, alkyl
p’r’ substituted alkyl, alkoxy or substituted alkoxy, or thioalkoxy or substituted

/{ thioalkoxy; and,

=,
R

/ 55
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: |
R\N/X {;
A /
N7 N -ff
R?\N l = R10 A‘.'f‘ﬁ
| ' 5
x N N 5
RB/ Y 7
AN %"{'
g
X R® £

(II1), wherein in formj,-ffa (ITD):
RYL R% R, R, R" and R? are independently H, alkyl, substltute“g'alkyl cycloalkyl,

a compound of formula (III):

substituted cycloalkyl, alkenyl, substituted alkenyl, a,yﬁgmyl substituted
alkynyl, phenyl, substituted phenyl, phenylalkyl, g,ﬁi)sllluled phenylalkyl, aryl,

substituted aryl, arylalkyl, substituted arylalkyl; h eteroarylalkyl, substituted
heteroarylalkyl, heteroaryl or substituted heary];

or R! and RZ, R and R4, R’ and RG, or R” and .-' dependenlly combine as 1o form a
biradical selected from the group consi -ing of 3-hydroxy-pentane-1,5-diyl,
6-hydroxy-cycloheptane-1,4-diyl, pfopane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl; ’

each occurrence of X is independen

NH, NR® and O;

selected from the group consisting of bond,
each occurrence of R? is inde pgndently alkyl or substituted alkyl; and
RYis H, halogen, CN, ami 0, amidao, carboxy, carboxamido, hydrazino, OH, alkyl

471, alkoxy or substituted alkoxy, or thioalkoxy or substituted

7 . : . ]
Phe method of claim 36, wherein the breathing control disorder or

37.
disease is selected {¥om the group consisting of respiratory depression. sleep apnea, apnea of
prematurity, obyﬁ{ -hypoventilation syndrome, primary alveolar hypoventilation syndrome,
dyspnea, altit He sickness, hypoxia, hypercapnia, chronic obstructive pulmonary disease
(COPD), y{f
Alzheip{’er’s disease, Parkinson’s disease, stroke, Duchenne muscular dystrophy, and brain
and"(;f;inal cord traumatic injury.

i

s
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38.  The method of claim 37, wherein the respiratory depression is caused

by an anesthelic, a sedative, a sleeping aid, an anxiolytic agent, a hypnoltic agent, alcohol o;"a‘

narcotic. vf
Vs

v

39.  The method of claim 36, wherein the subject is further admindstered at

least one additional agent useful for treating the breathing disorder or disease. &

.
4(}, The method of claim 39, wherein the at least one ac_j;ﬁf{tional agent is

id

3
selected from the group consisting of doxapram and enantiomers [herey:) acetazolamide,
almitrine, theophylline, caffeine, methylprogesterone and related cq}aﬁ)ounds, sedatives that
]
increase arousal threshold in sleep disordered breathing patients, Eénzodiazepine receptor

agonists, orexin antagonists, tricyclic antidepressants, serotongfgic modulators, adenosine and

o
&

adenosine receptor and nucleoside transporter modulators, gannabinoids, orexins, melatonin

agonists, ampakines, sodium oxybate, modafinil, armodg inil, and inhaled therapeutics.

b

41.  The method of claim 39, whfrein the compound and the agent are

separately administered to the subject.

42.  The method of claph 39, wherein the compound and the agent are co-
administered to the subject, further whrein the compound and the agent are physically mixed
or physically separated when admitered to the subject.

43.  The
least one additional thera nf tic agent known to change normal breathing control in the

subject.

/

444 The method of claim 43, wherein at least one additional agent is
selected fromghie group consisting of opioid narcotics, benzodiazepines, sedatives, sleeping

aids, hypngtics, propofol, and any combinations thereof.

i
K

5 45, The method of claim 36, wherein the composition is administered in

ol
c'?r{junc(ion with the use of a mechanical ventilation device or positive airway pressure

Fdevice on the subject.
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46. The method of claim 36, wherein the subject is a mamimal or bird. ;‘f
47. The method of claim 46, wherein the mammal is a human. ,fr”

r

o

y;
438, The method of claim 36, wherein the composition is ddmu{r‘f;mwd to

the subject by a nasal, inhalational, topical, oral, buccal, rectal, pleural, pent%sfeal vaginal,

intramuscular, subcutaneous, transdermal, epidural, intratracheal, otic, 1r1t1,;t50cu1ar intrathecal

or intravenous route. j

49,  The method of claim 48, wherein the compgsition is orally

administered to the snbject,

50.  The method of claim 36, wherein # " at least one compound is selected
from the group consisting of:
N? N®-Dimethyl-N* N®-di-n-propyl-pyrimido[5,4-gfpyrimidine-2,4,6,8-tetraamine;
Nz,N4,N6,Ns-Telra-n-propyl-pyrimido[5,4—d]p Amidine-2.4,6,8-tetraamine;
N*N°-Di-n-butyl-N* N®-di-n-propyl-pyrimig#[5.4-d)pyrimidine-2.4.6.8-tetraamine;
N2, N-Di-i-propyl-N* N°-di-n-propyl-pyriffiido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
Nl,N6—Dimethyl—N4-11-pl'opyl—Ns-prop ynyl—pyﬁmid0[5,4—d] pyrimidine-2,4,6,8-tetraamine;
N*N°-Bis-(N-methoxy(N-methyl)a no)-N4,Ng-bis-n-propylamino-pyrimido[S,4—d]
pyrimidine; /
N-(6-Chloro-4,8-bis-propylaghino-pyrimido[5.4-d]pyrimidin-2-yl)-O,N-dimethyl-
hydroxylamine; 4
N2 N°-Bis-(N-Methox yfN-methyl)amino)-N* N*-bis-n-propylamino-pyrimido[ 5,4-d]
pyrimidine Ifdrochloride;
N’-Methyl-N*,N &di-n-propyl-pyrimido[5,4-d]pyrimidine-2.4.8-triamine;
O,N-DimethN—(6—methylamino-4,8—bis—n-propylamino-pyrimido[S,4-d] pyrimidin-2-yl)-
hydfoxylaminc;
N“.Ng-pf’r:lethyl-Nz,Né-di-n-propyl-pyrimido[5,4-d]pyrimidine-z,4,6,8-1en-aamine-,
N* y&é-Tﬁmelhyl-N‘; NE-di-n-propyl-pyrimido[5.4-d]pyrimidine-2,4.6 8-tetraamine;
C:’;,th]oro -N*-methyl-N* N®-di-n- propylpyrimido[5,4-d]pyrimidine-2.4,8-triamine;
f"ﬁ N>-Diethyl-N®-methyl-N* N®-di-n-propyl-pyrimido[ 5 4-d) pyrimidine-2.4.6.8-tetraamine;

/ 188

AMENDED SHEET (ARTICLE 19)



WO 2014/151462 PCT/US2014/025792 /

/

2-(4,8-Bis-n-propylamino-6-methylamino-pyrimido[ 5,4-d]pyrimidin-2-yl-amino}-ethanol; f/
N>-(2-Methoxy-ethyl)-N-methyl-N* N®-di-n-propyl- pyrimido[5,4-d}pyrimidine-2,4.6.8- ﬁ‘f
tetraamine;

NZ-(2- -Isopropoxy-cthyl)- N°® -methyl- -N* NE-di-n- propyl-pyrimido[5,4-d]pyrimidine-2, 4;6 8-

tetraamine; ﬂ,ﬁf
N®-Methyl-N 4,N6—di—n—propyl-N2-(3,3,3—triﬂuoropropyl)—pyrimido[5,4—d]pyrin1i§1’§e-2,4,6,8-
tetraamine ,gf’f

4'

N2-Methyl-N*N®-di-n-propyl-6-(morpholin-4-yl)-pyrimido[ 5,4- d]pynmldyhe -2.4,8-triamine;
N*-Methyl-N*, NE-di-n- propyl-6-(piperidin-1-yl)-pyrimido[5,4- djpyun}}tﬂfnea 4 3-triamine;
N? -Methyl- N* N -di-n-propyl-6-pyrrolidin-1-yl-pyrimido([5,4- d]pyuﬂﬁdme-24 8-triamine;
N‘—Methyl N* N®-di-nz-propyl-6-(4-methoxy-piperidin-1-yl)- pym;ﬁdo[S 4.-d]pyrimidine-

2,4,8-triamine;

Nz—(3—Ch]or0—2—methy1—benzyl)—Ns—methyl-N4,Ng—di-n~pro -pyrimido[3,4-d]pyrimidine-
2,4,6,8-tetraamine; y
N?-(3 4-Dichlorobenzyl)-N®-methyl-N* N*-di-n-propy yrimido[5,4—d]pyrimidine-2,4,6,8-
tetraamine; ‘
N’-(4-Fluorobenzyl)-N-methyl-N*,N*-di-n-profyl-pyrimido[ 5,4-d]pyrimidine-2,4.6.8-
telraamine; y
6-Chloro-N",N*-dimethyl-N*-n-propyl-py ido[5,4-d]pyrimidine—2,4,S—triamine;
NB,NZ,N4,N8-Tetramethy1-Né-n-pmpy A
N® NZ-Diauyl-N".NB-dimelhyl-NG-: opyl-pyrimido[S,4-d]pyl'imidine—2,4,6,8—lelraamine;

yrimido[5,4-d]pyrimidine-2.,4,6,8-letraamine;

2-[(4,8-Bis-methylamino-6- n-pl gpylamino-pyrimido[5,4-d] pyrimidin-2-yl)-methyl-amino]-

ethanol;
N-(2-Isopropoxy-ethyl)- N ,Ng—dimel’hyI—NG—n—propyl—pyrimido[5,4-d]pyrimidine-2,4,6,8—

tetraamine;
2-[N-(2-Dimethylaggfno-cthyl)-N-methyl]amino-N*,N®-dimethyl-N°-n-propyl-pyrimido[ 5.4-

d]pyrimib e-4,6,8-triamine;
2-[(4,8—Bis—n;g’(hylmrﬂno-6—n—propy]amino—pyn‘mido[S,4—d]pyrimidin-z-yl)-(2—hydroxy—

ell} .—amino]—ethanol;
NZ,NZ-pﬁif-(z-melhoxyethyl)-N“,N*‘-dimethyl-N“-n-propyl-pyrimido[5.4-d]pyrimidine—

& 2.4,6,8-tetraamine;

6%21-0x0-piperidin—l—yl)—N4,Ns-dimelhy]-Nz-n—propylamino—pyrimido—[5,4-d]pyrimidine-

jf" 2.4,8-triamine;
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N2-(3-Trifluoromethyl-piperidin-1-yl)-N* N®-dimethyl-6-n-propylamino-pyrimido-[5,4-
d]pyrimidine-2.,4,8-triamine; 4

N2-6—n-Propylamino—N4,N8—di1nelhyl—2—(1_.1—dioxo—thiomorpholin-4-yl)-pyrimido-[5,4— {}fﬁ
d)pyrimiding-2,4,8-triaminc; ﬂg“

N’-’-n-Pmpyl-N“,NS-dimethyI-@(4,4-diﬂuoro-piperidin-1-yl)-pyn'mido[5,4-d]py1~1mi£ne-
2,4,8-triamine; f

N2 N* N8 NE-Tetramethyl-pyrimido[5.4-d] pyrimidine-2,4,6,8-tetraamine; /{f’#

N? N®-Diethyl-N*N®-dimethyl-pyrimido[5,4-d]pyrimidine-2,4.,6.8- lelraam;‘he

N2, N®-Di-r-butyl-N* N®-dimethyl-pyrimidol 5,4-d]pyrimidine-2,4,6,8-t ;,tfaamme

N2 N°-Bis- -cyclopropylmethyl- -N* N® -dimethyl-pyrimido[5,4- d]pynr?fame-2 4,6,8-tetraamine;

N*N —Dnsobulyl -N* N& -dimethyl-pyrimido[5.4-d]pyrimidine-2, 4;6 8-tetraamine;

N2N —Dlallyl-N N —dnmthyl—pyrumdo[5 4-d]pyrimidine-2,4.¢

2-Chloro-6-(N,N’-dimethyl-hydrazino)- -N* N -dimethyl- py 4

@ 8-tetraamine;
ido[5,4-d]pyrimidine-4,8-
diamine; /
6-(N.N’-Dimethyl-hydrazino)-N*N°,N* N*-tetramethyf-pyrimidol 5,4-d pyrimidine-2,4,8-
triamine;
N*,N®-Dimethyl-6-propoxy-N*-n-propyl-pyrimjdo[5 4-d]pyrimidine-2,4,8-triamine;
N* N®-Dimethyl-N*-n-propyl-6-propylsulfa f1-pyrimido[5.4-d]pyrimidine-2,4,8-(riamine;
6—Benzyloxy—N4,N8-dimelhyl-N2-n-prop ‘ yrimido[5,4—d]pyrimidine-Z,4,8—lriamine;
4,8-Bis-methylamino-6-i-propylaming y1imido[5,4-d]py1i midin-2-ol;
4,8aBis-melhylamino—é—n—propylal

N* N®-Dimethyl-N*-n-propyl-6-

o-pyrimido[5,4-d]pyrimidine-2-carbonitrile;
i inomelhyl)—py;‘imido[ﬁ,4—d}pyrimidine-2,4,8-triamine;

amidine; :
N4,N3—Dimelhy1'—}é—n-propyl—6—(4—ﬂuorophenyl)—pyrimido[5,4—d]pyrimidine-2,4,8—triamine;
Nl—Methy]-Nj;,’ﬁi-di-n-propyl—6—(4-ﬂuorophenyl)-pyrimido[5,4—d]pyrimidine-2,4,8-[1‘iamine;
N* N3-Dim#thyl-N>-n-propyl-pyrimido[5,4-d]pyrimidine-2.4,8-triamine;
6- n—Bu!jf N*-methyl-N* N-di- -n-propyl-pyrimido[5,4-d]pyrimidine-2,4.8-(riamine;
6-Mg d/ hoxy-N*-Methyl- N* N®-di-n-propyl-pyrimido| 5,4-d|pyrimidine-2,4,8-triamine;
Welhylammo—&8-bls-n-propylammo—pyr1m1do[5,4—d]pyr1m1d1ne-2—carbon1tr1]e;
/”f\lz.N",N(’.NS-Telraethyl-pyrimido[S,4—d]pyrimidine-2.4.6,8—tetraamine
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2,6-Dichloro-N* N*-diethyl-pyrimido[5,4-d]pyrimidine-4,8-diamine;

N*, N&_Diethyl-N? N®-Di-n-propyl-pyrimido[3.4-d]pyrimidine-2,4,6,8-tetraamine; (f

N2 N°-Bis-cyclopropylmethyl-N* N¥-diethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamiy

N*,N°-Dicthyl-N* NP-bis- -cyclopropylmethyl-pyrimido[5,4-djpyrimidine-2.4.6,8-tetr aa;ﬁmo

N2,N?N° -Triethyl- N* N%-bis-cyclopropylmethyl-pyrimido[5,4-d]pyrimidine-2,4,6, 8?
tetraamine; :r

6-Chloro-N> -ethyl- N* N%-bis- -cyclopropylmethyl-pyrimido[5,4- d]pyumldme @‘4 8-triamine;

N*N —Dlethyl N* NE.di- -n-propyl-pyrimido[5,4-d]pyrimidine-2.4,6,8-tetr a;;,mme

N%N -D1cyclop10pyl—N4,N ~d1-n-p10py1—py1‘1m1d0[5,4—d]py1nmdme-Z,’?g,S—lenaamine;

N*,N®-Bis-cyclopropylmethyl-N*,N*-di-n-propyl-pyrimido[5,4-d]pyphnidine-2.4,6.8-
tetraamine; f ‘

N N N® N°-Tetramethyl-N* N%-di-n-propyl-pyrimido[5.4-d] ‘

N*,N®-Diallyl-N*,N°-dimethyl-pyrimido[5,4-d]pyrimidine-

NZ.N* NE-Triallyl-6-[4-(4-fluorobenzyl)-piperazin-1-yl] %

nyrimidine-2.4,6,8-tetraamine;
,6,8—tetraamine;
rimido[5.4-d]pyrimidine-2.4,8-
triamine;
6—Chloro-NE,N4,NS-triallyI—pyrimido[5,4-d] pyrimighne-2,4,8-(riamine;
N2 N* NE-Triallyl-6-{4-[bis-(4-fluorophenyl)-mpthyl]-piperazin-1-yl }-pyrimido[5,4-d]
pyrimidine-2,4,8-riamine; 4
N*,N* N°-Triethyl-N* N°-di-n-propyl-pyr ido[5 4-d]pyrimidine-2.4,6,8-tetraamine;
(4,8-Bis-methylamino-6-n-pi 0pylam1 S-pyrimido[5,4-d]pyrimidin-2-ylamino)-acetic acid
terl-butyl ester; y 4
(4,8-Bis-methylamino-6-n-prop .mino-pyn’mido[5,4—d]pyrimidin—2—ylamino)-acelic acid;
N-n-Propyl-[2-(4,8-bis-meth mino-6-propylamino—pyrimido[5,4—d]pyrimidin—Z-ylamino)]—
acetamide; /
(6-Chloro-4,8-bis-metly
nd any combinations thereof.

A amino-pyrimido[5,4-d]pyrimidin-2-ylamino}-acetic acid ethyl ester;
a salt thereof,
o fﬂ
/-,”51. The method of claim 36, wherein the salt is selected from the group
consistingj ; sulfate, hydrogen sulfate, chloride, bromide, iodide, nitrate, carbonate,
phospl}a/e, hydrogen phosphate, dihydrogen phosphate, formate, acetate, propionate,
succy Jate, glycolate, gluconate, lactate, malate, tartrate, citrate, ascorbate, glucuronate,
l?}é*lcalc, fumarate, pyruvate, aspartate, glutamate, benzoate, anthranilate, 4-hydroxybenzoate,

Jy'%henylacetale, mandelate, pamoate, methanesulfonate, cthanesulfonate, benzenesulfonate,

4
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pantothenate, trifluoromethanesulfonate, 2-hydroxyethanesulfonate, p-toluenesulfonate,
sulfanilate, cyclohexylaminosulfonate, stearate, alginate, B-hydroxybutyrate, salicylate, (g‘

&

galactarate, galacturonate, saccharin, saccharate, and glycerophosphonate. r}.ﬂ

s
52. A method of preventing destabilization or stabilizing breathipg rhythm
in a subject in need thereof, the method comprising adimninistering to the Subject&ziﬁ effective
. v .. L&
amount of a pharmaceutical composition comprising at least one phalmaceugl};a‘ally acceptable

. AT
carrier and at least one compound or salt thereof selected from the group ¢gnsisting of:

R? ;s 4
R! >|< j
W V
A R 4
NN X I
R M A 4
e
RS/ \I/
N
X/ \R5
a compound of formula (I): R® A1), wherein in formula (I):

Rl, Rz, R3 s R4, Rs, RG, R” and R® are indgbendently H, alkyl, substituted alkyl,
cycloalkyl, substituted cycloa I, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, pheny ubslituted phenyl, phenylalkyl, substituted
phenylalkyl, aryl, Subst ited aryl, arylalkyl, substituted arylalkyl,

heteroarylalkyl, sub heteroarylalkyl, heteroaryl or substituted
heteroaryl; / 4

orR' and R*, R” and L, R® and R®, or R” and R® independently combine as to form a

biradical seted from the group consisting of 3-hydroxy-pentane-1,5-diyl, 6-

e

each occu}rfénce of X is independently selected from the group consisting of bond,
; o _
/{’{{H’ NR” and O; and,
ea(}l}'?'éccurrence of R% is independently alkyl or substituted alkyl;

I

v
V4
e
s

i
_;;"

I
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R? ‘
I ¢
RL _X {9"
N &
A R¢
NSN X S
R M LN s
T
X Na N &
RE” To j
a compound of formula (II): R (ID), wherein in formula Qf)

R',R% R’ R’ R” and R®are independently H, alkyl, substituted alkyf cycloalkyl,
substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyf substituted
alkynyl, phenyl, substituted phenyl, phenylalkyl, sub?f{led phenylalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, hctg oarylalkyl, substituted
heteroarylalkyl, heteroaryl or substituted helelo_ I;

or R! and R‘, R> and R4, R® and R6, or R” and R® indegendently combine as to form a
biradical sclected from the group consistin‘f 3-hydroxy-pentanc-1,5-diyl.
6-hydroxy-cycloheptane-1,4-diyl, propay -1 .3-diyl, butane-1,4-diyl and
pentane-1,5-diyl; '

each occurrence of X is independently sejfcted from the group consisting of bond,
NH. NR” and O; “

each occurrence of R? is independegfily alkyl or substituted alkyl;

R is H, halogen, cyano, alkyl, #ibstituted alkyl, alkoxy or substituted alkoxy;

and,

&4'

A
a compouy’éf formula (II): (II), wherein in formula (I11):

RFR?, R*,R’, R” and R® are independently H, alkyl, substituted alkyl, cycloalkyl,
_ ,7"'; ’ substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
& alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
(;,?J substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
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heteroarylaikyl, heteroaryl or substituted heteroaryl; '
orR'and R"’, R? and R4, R® and R6, or R” and R® independently combine as to form éy‘f
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diy}

6-hydroxy-cycloheptane-1,4-diyl, propanc-1,3-diyl, butanc-1,4-diy! EmgiffJ
A‘V

pentane-1,5-diyl; rd
)
each occurrence of X is independently selected from the group consmtmgfof bond,
NH, NR? and O };f

each occurrence of R is independently alkyl or substituted alkyl; :}ffd
RYisH, halogen, cyano, alkyl, substituted alkyl. alkoxy or subjhluled alkoxy.

S

A
53.  The method of claim 52, wherein the destgﬁ’luahon is associated with

a breathing control disorder or disease selected from the group£onsisting of respiratory

depl'eséion, sleep apnea, apnea of prematurity, obesity-hypof ntilation syndrome, primary
alveolar hypoventilation syndrome, dyspnea, altitude sic} ess, hypoxia, hypercapnia, chronic
obstructive pulmonary disease (COPD), sudden infa eath syndrome {SIDS), congenital
central hypoventilation syndrome, Alzheimer’s digfase, Parkinson’s disease, stroke,
Duchenne muscular dystrophy, and brain and sginal cord traumatic injury.
54.  The method of clagh 53, wherein the respiratory depression is caused
by an anesthetic, a sedative, a sleepingfaid, an anxiolytic agent, a hypnotic agent, alcohol or a
narcotic. '

55. The mg hod of claim 52, wherein the subject is further administered at
least one additional agent seful for {reating the breathing disorder or disease.

56. _;;/The method of claim 55, wherein the at least one additional agent is
selected from thgfgroup consisting of doxapram and enantiomers thereof, acetazolamide,
almitrine, thepﬁhyllinc, caffeine, methylprogesterone and relaled compounds, sedatives that
increasc ai 1'15211 threshold in sleep disordered breathing patients, benzodiazepine receptor
agonisp},’ orexin aniagonists, tricyclic antidepressants, serotonergic modulators, adenosine and
ade ;ine receptor and nucleoside transporter modulators, cannabinoids, orexins, melatonin

aﬁgnists, ampakines, sodium oxybate, modafinil, armodafinil, and inhaled therapeutics.
#
4
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/

57.  The method of claim 55, wherein the compound and the agent are

‘f

separately administered to the subject. 4

,f"f
58.  The method of claim 55, wherein the compound and the agent arfg co-
A.V
administered to the subject, further wherein the compound and the agent are physicj_;:t‘fly mixed
or physically separated when administered to the subject. 7

59.  The method of claim 52, wherein the subject is furtfpEr administered at

. . " .
least one additional therapeutic agent known to change normal breath%g control in the

s

f
7
"one additional agent is

subject

60. The method of claim 59, wherein at Iea

device on the subject.
62. glaim 52, wherein the subject is a mammal or bird.
63. $d of claim 62, wherein the mammal is a human.

64.

the subject by a nasal

Th method of claim 52, wherein the composition is administered (o

4 . . . .
fihalational, topical, oral, buccal, rectal, pleural, peritoneal, vaginal,

b

17‘7?/ 65.  The method of claim 64, wherein the composition is orally
adminé_sfgred to (he subject.

7
7

¥

66.  The method of claim 52, wherein the at least one compound is selected

jf"from the group consisting of:

/
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N2 NS-Dimethyl-N* N*-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine; /
NQ,N“,NG,NS—Tetra—n-propyl—pyrimido[5.4-d}pyrimidine—2,4,6,8—telraamine; /ff
N2 N®-Di-n-butyl-N*, N*-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine; {f
N% NC-Di-i- -propyl- -N* N*-di-n-propyl-pyrimido[5,4-d]pyrimidinc-2,4,6,8-tctraaminc; ff’
N?.N°Dimethyl- N*n- propyl- -N&-prop-2-ynyl-pyrimido[5,4-d]pyrimidine-2,4.6,8- tebfddmlnc

N? N°-Bis-(N- methoxy(N-methyl)amino)- -N*,N®-bis-n-propylamino- pynrmdo[S 4 d)

E

pyrimidine; J;f‘
N-(6-Chloro-4,8-bis-propylamino-pyrimido[5.4-d]pyrimidin-2-yI)-O,N- dnﬁelhyl-
hydroxylamine; j ’;

N, N®-Bis- (N-Methoxy(N-methyl)amino)- N4 Nb—b1s n- propylammo;;ﬁ!rlmldo[s 4-d]
pyrimidine hydrochloride; ,.f'}

N*-Methyl-N* N8-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,$triamine;

O.N -Dimethyl—N—(6—methylamino-4,S—bis—n—propylamino-1nid0[5,4—d] pyrimidin-2-yl)-
hydroxylamine; ;

N*,N-Dimethyl-N*,N°-di-n-propyl-pyrimido| 5,4-d)p 'mndme 2,4,6,8-tetraamine;

N',N",N -T111nel‘]1yl—N N —dl—n—propyl-pyrnmdo[ 4-d]pyrimidine-2,4,6,8-tetraamine;

6—Ch1oro-Nz-lnelllyl—N4,N3—di—n—pr‘opy]pyrimid 5.4-dIpyrimidine-2,4.8-triamine;

Nz,N?'—Dielhyl-NG-melhyl-N4,N8—di—n—propy byrimido[5,4-d]pyrimidine-2,4,6,8-letraamine;

2—(4,8—Bis—n-propylamino-6-methylaminyrimido[5,4-d]pyrimidin—2—yl—amino)-ethanol;

N2-(2-Methoxy-ethyl)-N°-methyl-N* W¥-di-n-propyl- pyrimido[5,4-d]pyrimidine-2,4,6,8-
{elraamine;

N*-(2- Isoplopoxy—cthyl) -NC-meg yl -N*N®-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-

tetraamine

N*-Methyl-N* N8

I\Iz-Mf:lhyl—N“,I\]8 di-n-propyl-6-(piperidin-1-yl)-pyrimido[ 5.4-d]pyrimidine-2,4,8-triamine;
N*-Methyl-N#°-di-n-propyl-6-pyrrolidin-1-yl-pyrimido[5,4-d] pyrimidine-2,4,8-triamine;
Ng—Melhy 1 NS dior- propyl-6-(4-methoxy-piperidin-1-yl)-pyrimido[ 5,4,-dpyrimidine-
ﬂ 8-triamine;
N-( Chlom 2-methyl-benzyl)- -N° -methyl- N* NE.di- -n-propyl-pyrimido[ 5,4-d]pyrimidine-
/’7 2,4.6,8-tetraamine;
/’T\Iz—(?)_.4-Dichlorobenzy1)—Nﬁ—methyl—N4,Ng-di—n—propyl—pyrimido[5,4—d]pyrimidine—2.4,6,8—
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tetraamine;
Nz-(4—Flu01'obenzyl)—Nﬁ—lnell1yl-N4,Ns—di-n-propyl—pyrimido[S,4—d]py1‘imidine—2,4,6,8— 7

tetraamine; r’(
6-Chloro-N*,N*-dimethyl-N*-n-propyl-pyrimido[3,4-dlpyrimidine-2,4,8-triamine; ~ #
N2, N2 N* N.-Tetramethyl-N°-n-propyl-pyrimido[5.4-d]pyrimidine-2.4,6,8- letmdmiué"
N2, N* -Diallyl- N NG -dimethyl-N -n-plopyl pyrimido[5.4-d]pyrimidine-2.,4,6,8- t@ff ‘aamine;

2-[(4.8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2-yl)- tgbthyl amino]-
4

ethanol; ,"
N2-(2-Isopropoxy-ethyl)-N* N®-dimethyl-N°-a-propyl-pyrimidol| 5.4~ djyjqumdme -2,4,0.8-
tetraamine; fﬂr

2-[N-(2-Dimethylamino-ethyl)-N-methyl]amino- N4 NP dunethyl }N -n-propyl-pyrimidol[5.4-
d]pyrimidine-4.,6,8-triamine; 4
2-[(4.8-Bis-methylamino-6-n-propylaminc-pyrimido[ 5,4-d rimidin—2—yl)—(2-hyd1’oxy-
ethyl)-amine]-ethanol; y 4
N N>-Bis-(2- -methoxyethyl)- N*N® dlmelhyl-N -n- p1' yl pyrimido| 5,4-d[pyrimidine-
2,4.6.8-tetraamine; _
6-(4-Oxo-piperidin-1-yl)-N* N®-dimethy] —Nz-n ropylamino-pyrimido-[5,4-d]pyrimidine-
2.4.8-triamine; 4
N(3-Trifluoromethyl-piperidin-1-yl)-N*-dimethyl-6-n-propylamino-pyrimido-[5,4-
d]pyrimidine-2.,4,8-triamine; 4 |
N2-6-n-Propylamino-N*,N*-dimeth 2-(1 .1-dioxo-thiomorpholin-4-yl)-pyrimido-[5.4-
d]pyrimidine-2,4,8-triamy
N>-r-Propyl-N* N®-dimethyl.£-(4,4-difluoro-piperidin-1-yl)-pyrimidof 5,4-d] pyrimidine-
2,4.8-triamine; y /
NN N NE-Tetramet —pyrimido[S,4—d]pyrimidine—2,4,6,8-telraamine;
N{Nﬁ-Dicrhyl-N“,imcthyl-pyﬁmido[s,4-d]pyrimidinc-2,4,6,8-¢cu-aaminc;
N*N®-Di-n-buty {14,N“-dimethyl—pyrimido[s,4-d]pyrimidine-z,4,6,8-teu-aamine;
Nl,Nf’—Bis-cygﬁ{ropylmethyl—N“,Ng-dimcthyl-pyrimido[S,4-d]py1‘imidine—2,4,6,8—lell‘aamine;
N? Nﬁ-Dii butyl-N* NE-dimethyl-pyrimido[5.4-d]pyrimidine-2,4,6,8-tetraamine;
N*N6- ]}ﬂllyl N* NP -dimethyl-pyrimido[5,4-d]pyrimidine-2.4,6,8-tetraamine;
2- C{}l'é, 0-6-(N,N’-dimethyl-hydrazino)-N*,N®-dimethyl-pyrimido[ 3,4-d jpyrimidine-4,8-
7

‘/’ diamine;
/%-(N,N’—Dimethyl—hydrazino)—NZ,NZ_.N",Ng—lelramelhyl-pyrimido[5.4-d]pyrimidine—2,4,8—
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triamine;

N* N%-Dimethyl-6-propoxy-N>-a-propyl-pyrimido[5.4-d]pyrimidine-2 4,8-triamine; /‘j

N",NS—Dimethyl-Nz-n-propyl-6-propylsulfanyl-pyrimido[5,4—d]pyrimidine—2,4,8—(1‘iaminf}y
6—B(3117,3,710xy-N4,Ng-dimcthyl-Nz-n-prc:)pyl-pyrimid{)[5,4—(1]pyri1nidinc—2,4,8—triarnin.c;‘}(fg
4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2-ol; ‘5;""".
4,8-Bis-methylamino-6-nz-propylamino-pyrimido[5,4-d]pyrimidine-2- calbommlg;if
N* N*-Dimethyl-N>-n-propyl-6-(aminomethyl)-pyrimido[5,4-d]pyrimidine-2 4‘8 triamine;
6-Carbamoyl-N* N8-dimethyl-N>-n-propyl-pyrimido[5,4-d] pyrimidine-2, 4;8/ triamine;
4.8-Bis-methylamino-6-n-propylamino-pyrimido[5.4-d]pyrimidine-2- Cﬁ(’éoxyhc acid;
N—(n—Propyl)—[4,8-bis—methylamino—6—n—propylamino—pyﬁmido[5,4;9fpynm1dm-2-yl]-

4

amidine; 4 '
5

N*N®-Dimethyl-N>-n-propyl-6-(4-fluorophenyl)-pyrimido[ 5,4/ pyrimidine-2.,4.8-triamine;
N-Methyl-N* N*-di-n-propyl-6-(4-fluorophenyl)-pyrimidoff.4-d]pyrimidine-2,4,8-triamine;

N*,N*.Dimethyl-Nu-propyl-pyrimido[5,4-d]pyrimidinef2,4,8- triamine;
6-n-Butyl-N*-methyl-N*,N*-di-n-propyl-pyrimido| 5,4 'Jpyrimidine—2,4,8—t1‘iamine;
6-Methoxy-N*-Methyl-N* N¥-di-n-propyl-pyrimidg{5 4-d]pyrimidine-2,4,8-triamine;
6-Methylamino-4,8-bis-r-propylamino-pyrimig#{ 5,4-d] pyrimidine-2-carbonitrile;
NZ,N4,NG,NS—Tetraelhyl—pyrimido[S,4—d]py1' hidine-2,4,6,8-letraamine
2,6—Dichloro-N4,N8—diethyl—pyrimido[5,pyrimidine—4,8-diamjne;
N4,NS—DiethyI-Nz,NG—Di—n-propyl-pyl' 1d0[5,4-d] pyrimidine-2,4,6,8-tetraamine;

teliraamine;

6-Chloro-N2-ethyl-N*

Nz,NG-DicthyI—N"‘,l\]’Eh—n—propyl—pylimido[S,4—d]pyrimidinc-2,4,6,8-tctraaminc;
N’,N®-Dicycloprgpyl-N*,N*-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4.6.8-tetraamine;
Nz,N6—Bis~cyy}bpropylmethyl-N4,Ns—di—n-propyl-pyrimidols,4-deyrimidine-2,4,6,8—
let cimine;
N* N l}{ﬁNﬁ Tetramethyl-N* NP-di-n-propyl-pyrimido{5,4-d]pyrimidine-2,4,6,8-tetraamine;
. ?Zf)lauyl-N?,Nﬁ-dimethyl-pymnido[5,4-djpyrimidine-2,4,6,8-1eu-aamine;
I\’;;"',"I\I“,NS—Triallyl-&[4—(4—ﬂu0robenzy1)—piperazin—1—yl]—pyrimido[5,4—d]py1‘imidine-2,4,8-
triamine;
198
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6-Chloro-N? N* N&_(riallyl-pyrimido(5,4-d]pyrimidine-2,4,8-triamine; rd
N2, N* N3-Triallyl-6-{4-[bis-(4-fluorophenyl)-methyl]-piperazin- 1-yl }-pyrimido{ 5,4-d] (,f’f
pyrimidine-2,4,8-triamine; f
N*, N NS-Tricthyl-N*,N®-di-n-propyl-pyrimido[5,4-d]pyrimidinc-2,4,6,8-tetraaminc; ;"JJ
(4,8-Bis-methylamino-6-n-propylamino-pyrimido([5,4-d] pyrimidin-2-ylamino)- acegxé acid
tert-butyl ester; “;rj
(4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2- ylamm;;)‘ acetic acid;
N-n-Propyl-[2-(4,8-bis-methylamino-6-propylamino-pyrimido[5.4- d]pyum‘fﬁm 2-ylamino)]-
acetamide; jl
(6—Chlor0—4,8-bis-methylamino-pyﬁmido[5,4—d]pyrimidin—Z-ylamjﬁﬁ'F-acelic acid ethyl ester;

a salt thereof, and any combinations thereof. ;’i

67. The method of claim 52, wherein theg ]t is selected from the group
consisting of sulfate, hydrogen sulfate, chloride, bromid ;odide, nitrate, carbonate,
phosphate, hydrogen phosphate, dihydrogen phospha . formate, acetate, propionate,
succinate, glycolate, gluconate, lactate, malate, tagjfate, citrate, ascorbate, glucuronate,
maleate, fumarate, pyruvate, aspartate, glutamaf€, benzoate, anthranilate, 4-hydroxybenzoate,
phenylacetate, mandelate, pamoate, methangfulfonate, ethanesulfonate, benzenesulfonate,
pantothenate, trifluoromethanesulfonate, Z-hydroxyethanesulfonate, p-toluenesulfonate,
sulfanilate, cyclohexylaminosulfonalegsiearate, alginate, p-hydroxybutyrate, salicylate,

galactarate, galacturonate, saccharig, saccharate, and glycerophosphonate.
.

68.  The cgfpound of claim 1, wherein the compound is NZ-N°-bis-
cyclopropylmelhyl—N“,Nmelhyl—pyrimido[S,dr—d]pyx‘imidine-2,4,6,S—tetraamine and
wherein the X-ray po ,-i diffraction spectrum of the compound comprises 26 values (in
degrees) of about % 5, 0.59, 12.60, 15.02, 16.33, 17.40, 18.98, 20.68, 21.72, 22.28, 23.98,

25.24, and 26. 7/94‘”

i
/ 69. A method of preparing NZ.N%-bis-cyclopropylmethyl N*, N®-dimethyl-
7 .
pyrimi}ib[S,4—d]pyrimidine—2,4,6,8—tetraamine (84), comprising reacting 2,6—dich10ro—N4,Nb-
dimﬁ{ yl-pyrimido[5,4-d]pyrimidine-4,8-diamine and cyclopropylmethylamine in a solvent.

7
4
7
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70.  The method of claim 69, wherein the reaction is run under heating and
.. . , 4
wherein (84) precipitates from the solvent once the reaction system is cooled to room /

temperature. &

71. The method of claim 69, wherein the solvent comprises n-b%,dﬁnol_
P

L

recrystallized

S

72. The method of claim 70, wherein the precipitated (84;@
&

{rom n-butanol. 4‘&!

gg,'
73. The method of claim 72, wherein the recryst?ﬁied (84) has a X-ray
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CLAIMS

1. A compound or salt thereof selected from the group consisting of’
R2
] I
R X
Ay T
NN X
R M LN
~
LAk
X =
RE” T
N
X/ \R5
a compound of formula (I): R® (D), wherein in formula (I):

RL RE R R RY, RS R7 and R® are independently H, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted
phenylalkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl,
heteroarylalkyl, substituted heteroarylalkyl, heteroaryl or substituted
heteroaryl,

or R' and R%, R? and R*, R®> and R®, or R” and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl, 6-
hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;

each occurrence of X is independently selected from the group consisting of bond,
NH, NR® and O: and,

each occurrence of R’ is independently alkyl or substituted alkyl;

RZ
R /§

N
R4
N/gN X~

»—
=

>
RS/ \|/

a compound of formula (I1): R (11), wherein in formula (11):
RLR? R, RY R7and R® are independently H, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, aikenyl, substituted alkenyl, alkynyl, substituted
alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
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substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
heteroarylalkyl, heteroaryl or substituted heteroaryl;

or R' and R, R® and R*, R® and R®, or R” and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl,
6-hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;

each occurrence of X is independently selected from the group consisting of bond,
NH, NR® and O;

each occurrence of R? is independently alkyl, or substituted alkyl;

R'"isH, halogen, CN, amidino, amido, carboxy, carboxamido, hydrazino, OH, alkyl
or substituted alkyl, alkoxy or substituted alkoxy, or thioalkoxy or substituted
thioalkoxy; and,

a compound of formula (IIf): (111}, wherein in formula (1)

R, R%L R, R, R and R® are independently H, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
heteroarylalkyl, heteroaryl or substituted heteroaryl;

or R' and R?, R* and R*, R and R®, or R” and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl,
6-hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;

each occurrence of X is independently selected from the group consisting of bond,
NH, NR® and O;

each occurrence of R® is independently alkyl or substituted alkyl; and

R"isH, halogen, CN, amidino, amido, carboxy, carboxamido, hydrazino, OH, alkyl
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or substituted alkyl, alkoxy or substituted alkoxy, or thioalkoxy or substituted
thioalkoxy;

and any combinations thereof.

2. The compound of claim 1, wherein the compound is selected from the
group consisting of’
N N®-Dimethyl-N*,N*-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
Nz,N4,N6,N8-Tetra-n-propyl-pyrimido[5,4~d]pyrimidine—2,4,6,8—tetraamine;
Nz,Nf'-Di-n-butyl-N4,N8-di-n-propyl-pyrimido[5,4-d]pyrimidine—2,4,6,8~tetraamine;
N2 N°-Di-i-propyl-N* N®-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;
N? N°-Dimethyl-N*-n-propyl-N°-prop-2-ynyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
N2, N°_Bis-(N-methoxy(N-methyl}amino)-N*,N*-bis-n-propylamino-pyrimidof 5,4-d]
pyrimidine;
N-(6-Chloro-4,8-bis-propylamino-pyrimido[ 5,4-dJpyrimidin-2-y1)-O,N-dimethyl-
hydroxylamine;
Nz,N6-Bis—(N-Methoxy(N-rnethyl)amino)-N4,N8-bis—n-propylamino-pyrimido[5,4-d]
pyrimidine hydrochloride;
Nz-Methyl-N4,N8-di-n-propyl-pyrimido[5,4—d]pyrimidine—2,4,8—triamine;
O,N-Dimethyl-N-(6-methylamino-4,8-bis-n-propylamino-pyrimido[ 5,4-d] pyrimidin-2-yl)-
hydroxylamine;
N*,N®_Dimethyl-N* N°-di-n-propyl-pyrimido[ 5 4-d]pyrimidine-2,4,6,8-tetraamine;
Nz,Nz,N6-TrimethyI-N4,N8-di-n-propyl-pyrimido[5,4—d]pyrimidine—2,4,6,8—tetraamine;
6-Chloro-N2-methy1-N4,NS-di-n-propylpyrimido[S,4—d]pyrimidine—2,4,8-triamine;
N?,N2-Diethyl-N°-methyl-N*,N*-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
2-(4,8-Bis-n-propylamino-6-methylamino-pyrimido[5,4-d]pyrimidin-2-yl-amino)-ethanol;
N2-(2-Methoxy-ethyl)-N°-methyl-N* N®-di-n-propyl- pyrimido[5,4-d]pyrimidine-2,4,6,8-
) tetraamine;
N°-(2-Isopropoxy-ethyl)-N°-methyl-N* N®-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-
tetraamine;
NS-Methyl-N"’,Nf’-di-n-propyl-Nz—(B,3,3 -trifluoropropyl)-pyrimido[5,4-d]pyrimidine-2,4,6,8-
tetraamine
NZ-Methyl-N4,N8-di-n-propyl—6—(morpholin—4—yl)—pyrimido[5,4—d]pyrimidine—2,4,8—triamine;
Nz-Methyl-N4,N8-di-n-propyl—6—(piperidin—1 -yD)-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;
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N’-Methyl-N* N*-di-n-propyl-6-pyrrolidin-1-yl-pyrimido[ 5,4-d[pyrimidine-2,4,8-triamine;

N°-Methyl-N* N*-di-n-propyl-6-(4-methoxy-piperidin-1-yl)-pyrimido[ 5,4,-d]pyrimidine-
2.4.8-triamine;

N2-(3-Chloro-2-methyl-benzyl)-N°®-methyl-N* N®-di-n-propyl-pyrimido[ 5,4-dJpyrimidine-
2.,4,6,8-tetraamine;

N2-(3,4-Dichlorobenzyl}-N°-methyl-N* N*-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-
tetraamine;

N2-(4-Fluorobenzyl)-N°-methyl-N* N®-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-
tetraamine;

6-Chloro-N* N%-dimethyl-N’-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

N2,N2,N4,N8-Tetramethyl-Nﬁ-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N’ N?-Diallyl-N* N®-dimethyl-N°-n-propyl-pyrimido{ ,4-d]pyrimidine-2,4,6,8-tetraamine;

2-[(4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2-yl)-methyl-amino]-
ethanol;

N?-(2-Isopropoxy-ethyl)-N*,N*-dimethyl-N®-n-propyl-pyrimido[ 5,4-d[pyrimidine-2,4,6,8-
tetraamine;

2-[N-(2-Dimethylamino-ethyl)-N-methylJamino-N* N*-dimethyl-N®-n-propyl-pyrimido[5,4-
d]pyrimidine-4,6,8-triamine;

2-[(4,8-Bis-methylamino-6-r#-propylamino-pyrimido[5,4-d}pyrimidin-2-yl)-(2-hydroxy-
ethyl)-amino]-ethanol;

N? N%-Bis-(2-methoxyethyl)-N* N*-dimethyl-N°-n-propyl-pyrimido[ 5,4-d]pyrimidine-
2.4,6,8-tetraamine;

6-(4-Oxo-piperidin-1-y1)-N* N3-dimethyl-N*-x-propylamino-pyrimido-[ 5,4-d]pyrimidine-
2,4,8-triamine;

N2-(3-Trifluoromethyl-piperidin-1-y)-N* N®-dimethyl-6-n-propylamino-pyrimido-[ 5,4-
d]pyrimidine-2,4,8-triamine;

N2-6-n-Propylamino-N* N®-dimethyl-2-(1,1-dioxo-thiomorpholin-4-yl)-pyrimido-[ 5,4-

| d]pyrimidine-2,4,8-triamine;

N*-n-Propyl-N* N*-dimethyl-6-(4,4-difluoro-piperidin-1-yl)-pyrimido[5,4-d]pyrimidine-
2.4.8-triamine;

NZ,N4,N6,N8—Tetramethyl-pyrimido[5,4—d]pyrimidine-2,4,6,8-tetraamine;

N2 N°-Diethyl-N* N®-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2, NC-Di-n-butyl-N* N®-dimethyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;
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N2 N°-Bis-cyclopropylmethyl-N* N*-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
N% N°-Diisobutyl-N* N®-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
N NC-Djallyl-N* N%-dimethyl-pyrimido[5,4-d]pyrimidine-2.4,6,8-tetraamine;
2-Chloro-6-(N,N’-dimethyl-hydrazino)-N* N*-dimethyl-pyrimido[ 5,4-d]pyrimidine-4,8-
diamine;
6-(N,N’-Dimethyl-hydrazino)-N?,N? N* N®-tetramethyl-pyrimido[5,4-d]pyrimidine-2,4,8-
triamine;
N* N¥-Dimethyl-6-propoxy-N-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;
N4,N8-Dimethyl-Nz-n-propyl-6-propy1sulfany1—pyrimido[5,4—d]pyrimidine-2,4,8-triamine;
6-Benzyloxy-N* N*-dimethyl-N*-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;
4,8-Bis-methylamino-6-n-propylamino-pyrimido[ 5,4-d]pyrimidin-2-ol;
4,8-Bis-methylamino-6-»n-propylamino-pyrimido[ 5,4-d]pyrimidine-2-carbonitrile;
N* N¥-Dimethyl-N>-n-propyl-6-(aminomethyl)-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;
6-Carbamoyl-N* N°-dimethyl-N-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;
4,8-Bis-methylamino-6-z-propylamino-pyrimido[ 5,4-d]pyrimidine-2-carboxylic acid;
N-(n-Propyl)-[4,8-bis-methylamino-6-n-propylamino-pyrimido[ 5,4-d]pyrimidin-2-yl]-
amidine;
N4,N8-Dimethyl-Nz-n-propyl-6-(4-ﬂu0r0phenyl)—pyrimid0[5,4-d]pyrimidine-2,4,8-triamine;
N2-Methyl-N* N®-di-n-propyl-6-(4-fluorophenyl)-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;
N4,N8-Dimethy1—N2-n-propyl-pyrimido[5 ,/4-d]pyrimidine-2,4,8-triamine;
6-n-Butyl-N:-methyl-N* N®-di-n-propyl-pyrimido[ 5,4-dJpyrimidine-2,4, 8-triamine;
6-Methoxy-N*-Methyl-N* N*-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;
6-Methylamino-4,8-bis-n-propylamino-pyrimido[5,4-d]pyrimidine-2-carbonitrile;
N2 N* N® N®-Tetraethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine
2,6—Dichloro—N4,N8—diethyl—pyrimido[5,4-d]py11'ﬁ1idine—4,8—diamine;
N* N®-Diethyl-N% N°-Di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;
N2,NS-Bis—cycloprOpylmethyI-N4,N8-diethyl-pyrimido[5,4—d]pyrimidine-2,4,6,8-tetraamine;
N2 N°-Diethyl-N* N&-bis-cyclopropylmethyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;
N? N* N°-Triethyl-N* N®-bis-cyclopropylmethyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-
tetraamine;
6-Chloro-N-ethyl-N* N*-bis-cyclopropylmethyl-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;
NZ,N6-DiethyI-N4,N8-di-n-propyl—pyrimido[5,4—d]pyrimidine—2,4,6,8-tetraamine;
NZ,N6-Dicyclopropyl-N4,N8-di—n-propyl—pyrimido[5,4~d]pyrimidine—2,4,6,8-tetraamine;
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NZ,N(’-Bis-cycl0p1‘0py1methyl-N4,N8-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-
tetraamine;

N2, N2 N° N°-Tetramethyl-N* N®-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N N®_Diallyl-N% N°-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2, N* N°-Triallyl-6-[4-(4-fluorobenzyl)-piperazin-1-yl]-pyrimido[ 5,4-d |pyrimidine-2,4,8-
triamine;

6-Chloro-N,N* N¥-triallyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N2 N* N®-Triallyl-6- {4-[bis-(4-fluorophenyl)-methyl]-piperazin-1-yl}-pyrimido[ 5,4-d]
pyrimidine-2,4,8-triamine;

N2,N? N°-Triethyl-N* N&-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

(4,8-Bis-methylamino-6-n-propylamino-pyrimido[ 5,4-d]pyrimidin-2-ylamino)-acetic acid
tert-butyl ester;

(4,8-Bis-methylamino-6-n-propylamino-pyrimido[ 5,4-d]pyrimidin-2-ylamino)-acetic acid;

N-n-Propyl-[2-(4,8-bis-methylamino-6-propylamino-pyrimido[5,4-d]pyrimidin-2-ylamino)]-
acetamide;

(6-Chloro-4,8-bis-methylamino-pyrimido[5,4-d]pyrimidin-2-ylamino)-acetic acid ethyl ester;

a salt or solvate thereof, and any combinations thereof.

3. The compound of claim 1, wherein the salt is selected from the group
consisting of sulfate, hydrogen sulfate, hemisulfate, chloride, bromide, iodide, nitrate,
carbonate, phosphate, hydrogen phosphate, dihydrogen phosphate, formate, acetate,
propionate, succinate, glycolate, gluconate, lactate, malate, tartrate, citrate, ascorbate,
glucuronate, maleate, fumarate, pyruvate, aspartate, glutamate, benzoate, anthranilate, 4-
hydroxybenzoate, phenylacetate, mandelate, pamoate, methanesulfonate, ethanesulfonate,
benzenesulfonate, pantothenate, trifluoromethanesulfonate, 2-hydroxyethanesulfonate, p-
toluenesulfonate, sulfanilate, cyclohexylaminosulfonate, stearate, alginate, -
hydroxybutyrate, salicylate, galactarate, galacturonate, saccharin, saccharate,

glycerophosphonate, and any combinations thereof.

4. A pharmaceutical composition comprising the compound of claim 1

and at least one pharmaceutically acceptable carrier.

5. The composition of claim 4, further comprising at least one agent
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selected from the group consisting of doxapram and enantiomers thereof, acetazolamide,
almitrine, theophylline, caffeine, methylprogesterone and related compounds, sedatives that
increase arousal threshold in sleep disordered breathing patients, benzodiazepine receptor
agonists, orexin antagonists, tricyclic antidepressants, serotonergic modulators, adenosine and
adenosine receptor and nucleoside transporter modulators, cannabinoids, orexins, melatonin

agonists, ampakines, sodium oxybate, modafinil, atmodafinil, and inhaled therapeutics.

0. The composition of claim 5, wherein the compound and the agent are

physically mixed in the composition.

7. The composition of claim 5, wherein the compound and the agent are

physically separated in the composition.

8. The composition of claim 4, further comprising at least one agent

known to cause changes in breathing control.

9. The composition in claim 8§, wherein the at least one agent is selected
from the group consisting of opioid narcotics, benzodiazepines, sedatives, sleeping aids,

hypnotics, propofol, and any combinations thereof.

10. The composition of claim &, wherein the compound and the agent are

physically mixed in the composition.

I1.  The composition of claim 8, wherein the compound and the agent are

physically separated in the composition.

12.  The composition of claim 4, wherein the composition allows for

modified delivery of the compound following oral administration to a subject.
13.  The composition of claim 12, wherein the composition minimizes

delivery of the compound to the stomach of the subject and maximizes delivery of the

compound to the intestine of the subject.
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14, The composition of claim 12, wherein the composition includes an

enteric coating.

15.  The composition of claim 12, wherein the compound is contained in a

pharmaceutically suitable capsule.

16.  The composition of claim 15, wherein the capsule contains granules or

powder of the compound, or an admixture of the compound with an excipient.

17.  The composition of claim 16, wherein the excipient comprises a
binder, disintegrant, diluent, buffer, lubricant, glidant, antioxidant, antimicrobial preservative,

colorant, or flavorant.

18.  The composition of claim 16, wherein the capsule is enterically coated

but the granules or powders of the compound are not enterically coated.

19.  The composition of claim 16, wherein the granules or powders of the

compound are coated with an enteric coating before being placed into the capsule.

20. The composition of claim 19, wherein the granules or powders of the
compound are coated with a multiplicity of enteric coatings, as to provide delivery of drug to

different regions of the intestine of the subject.

21.  The composition of claim 16, wherein at least a portion of the granules

or powders of the compound are enterically coated.

22.  The composition of claim 21, wherein the capsule is coated with an
enteric coating that is different from the enteric coating that coats the granules or powders of

the compound.

23.  The composition of claim 12, wherein the compound is coated onto a
base particle, whereby a core comprising the drug as a coating over the base particle is

formed.
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24.  The composition of claim 23, wherein the base particle is not
enterically coated and the composition is contained in a pharmaceutically acceptable capsule

that is enterically coated.

25.  The composition of claim 23, wherein the core is coated with an

enteric coating, thereby forming an enterically coated bead.

26.  The composition of claim 25, wherein the enterically coated bead is

contained in a pharmaceutically acceptable capsule.

27.  The composition of claim 26, wherein the capsule contains beads
coated with a multiplicity of enteric coatings, so that the capsule provides delivery of the

compound to different regions of the intestine of the subject.

28. The composition of claim 16, further wherein the contents of the
capsule are dissolved or suspended in a pharmaceutically acceptable liquid as to provide a

liquid-filled capsule.

29.  The composition of claim 28, wherein the capsule is enterically coated

but the liquid formulation contained within does not comprise an enteric coating.

30.  The composition of claim 28, wherein the granules or powders of the

compound are enterically coated.

31.  The composition of claim 30, wherein the granules or powders of the
compound are coated with a multiplicity of enteric coatings, as to provide delivery of drug to

different regions of the intestine of the subject.

32.  The composition of claim 30, wherein the enteric coating applied to the
capsule differs from the enteric coating applied to any of the granules or powders of the

compound.

33.  The composition of claim 15, wherein the compound is coated onto a
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base particle to form a core comprising the compound as a coating over the base particle,
wherein the core is suspended in a pharmaceutically acceptable liquid, and wherein the

suspended core 1s placed in a capsule,

34. The composition of claim 33, wherein the capsule is enterically coated

but the core is not enterically coated.

35. The composition of claim 33, wherein the capsule and the core are

enterically coated.

36.  An effective amount of a pharmaceutical composition comprising at
least one pharmaceutically acceptable carrier and at least one compound or salt thereof

selected from the group consisting of:

R2
Rl >|<
\N/
Ky R
N N X
R M A&
O
Na N
X N
R®” T
N
x/ \R5
a compound of formula (I): R® (I), wherein in formula (I):

Rl, RZ, R3, R4, RS, RG, R’ and R® are independently H, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted
phenylalkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl,
heteroarylalkyl, substituted heteroarylalkyl, heteroaryl or substituted
heteroaryl;

or R! and R? R® and R*, R* and R®, or R” and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl, 6-
hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;

each occurrence of X is independently selected from the group consisting of bond,
NH, NR’ and O; and,

cach occurrence of R is independently alkyl or substituted alkyl;
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Lo F
NN X
R ML
IO
X Na N
T
a compound of formula (1I): R (II}, wherein in formula (1I):

R, Rz, R? , R4, R"and R® are independently H, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
heteroarylalkyl, heteroaryl or substituted heteroaryl;

orR' and Rz, R? and R4, R’ and R6, or R’ and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl,
6-hydroxy-cycloheptane- 1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;

each occurrence of X is independently selected from the group consisting of bond,
NH, NR® and O;

each occurrence of R® is independently alkyl or substituted alkyl;

R%isH, halogen, CN, amidino, amido, carboxy, carboxamido, hydrazino, OH, alkyl
or substituted alkyl, alkoxy or substituted alkoxy, or thioalkoxy or substituted
thioalkoxy; and,

RZ
|

R _X

N
N/I\}N

a compound of formula (1II): (II1), wherein in formula (III):

Rl, Rz, R} s R4, R’ and R® are independently H, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
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heteroarylalkyl, heteroaryl or substituted heteroaryl;

or R! and Rz, R? and R4, R’ and R(’, or R7 and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl,
6-hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;

each occurrence of X is independently selected from the group consisting of bond,
NH, NR? and O;

each occurrence of R is independently alkyl or substituted alkyl; and

RYis H, halogen, CN, amidino, amido, carboxy, carboxamido, hydrazino, OH, alkyl
or substituted alkyl, alkoxy or substituted alkoxy, or thioalkoxy or substituted
thioalkoxy;

for use in preventing or treating a breathing control disorder or disease in a subject in

need thereof.

37. The pharmaceutical composition of claim 36, wherein the breathing
control disorder or disease is selected from the group consisting of respiratory depression,
sleep apnea, apnea of prematurity, obesity-hypoventilation syndrome, primary alveolar
hypoventilation syndrome, dyspnea, altitude sickness, hypoxia, hypercapnia, chronic
obstructive pulmonary disease (COPD), sudden infant death syndrome (SIDS), congenital
central hypoventilation syndrome, Alzheimer’s disease, Parkinson’s disease, stroke,

Duchenne muscular dystrophy, and brain and spinal cord traumatic injury.

38.  The pharmaceutical composition of claim 37, wherein the respiratory
depression 1s caused by an anesthetic, a sedative, a sleeping aid, an anxiolytic agent, a

hypnotic agent, alcohol or a narcotic.

39.  The pharmaceutical composition of claim 36, wherein the subject is to
be further administered at least one additional agent useful for treating the breathing disorder

or disease.

40.  The pharmaceutical composition of claim 39, wherein the at least one
additional agent is selected from the group consisting of doxapram and enantiomers thereof,

acetazolamide, almitrine, theophylline, caffeine, methylprogesterone and related compounds,
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sedatives that increase arousal threshold in sleep disordered breathing patients,
benzodiazepine receptor agonists, orexin antagonists, tricyclic antidepressants, serotonergic
modulators, adenosine and adenosine receptor and nucleoside transporter modulators,
cannabinoids, orexins, melatonin agonists, ampakines, sodium oxybate, modafinil,

armodafinil, and inhaled therapeutics.

4].  The pharmaceutical composition of claim 39, wherein the compound

and the agent are to be separately administered to the subject.

42.  The pharmaceutical composition of claim 39, wherein the compound
and the agent are to be co-administered to the subject, further wherein the compound and the

agent are physically mixed or physically separated prior to being administered to the subject.

43.  The pharmaceutical composition of claim 36, wherein the subject is to
be further administered at least one additional therapeutic agent known to change normal

breathing control in the subject.

44.  The pharmaceutical composition of claim 43, wherein at least one
additional agent is selected from the group consisting of opioid narcotics, benzo-diazepines,

sedatives, sleeping aids, hypnotics, propofol, and any combinations thereof.

45. The pharmaceutical composition of claim 36, wherein the composition
is to be administered in conjunction with the use of a mechanical ventilation device or

positive airway pressure device on the subject.

46. The pharmaceutical composition of claim 36, wherein the subject is a

mammal or bird.

47.  The pharmaceutical composition of claim 46, wherein the mammal is a

human.

48. The pharmaceutical composition of claim 36, wherein the composition

is to be administered to the subject by a nasal, inhalational, topical, oral, buccal, rectal,
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pleural, peritoneal, vaginal, intramuscular, subcutaneous, transdermal, epidural, intratracheal,

otic, intraocular, intrathecal or intravenous route.

49.  The pharmaceutical composition of claim 48, wherein the composition

is to be orally administered to the subject.

50.  The pharmaceutical composition of claim 36, wherein the at least one
compound is selected from the group consisting of:
N2,NG—Dimethyl—N4,N8-di-n-propyI-pyrimido[S,4-d]pyrimidine—2,4,6,8—tetraamine;

N2 N* N® N®-Tetra-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2,N8-Di-n-butyl-N* N¥-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N N°-Di-i-propyl-N* N*-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N? N°-Dimethyl-N*-n-propyl-N*-prop-2-ynyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N? N®-Bis-(N-methoxy(N-methyl)amino)-N* N®-bis-#-propylamino-pyrimido[ 5,4-d]
pyrimidine;

N-(6-Chloro-4,8-bis-propylamino-pyrimido[5,4-d]pyrimidin-2-y1)-O,N-dimethyl-
hydroxylamine;

N2, N®-Bis-(N-Methoxy(N-methyl)amino)-N*,N®-bis-n-propylamino-pyrimido{ 5,4-d]
pyrimidine hydrochloride;

Nz—Methyl—N4,N8—di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,8-tria1nine;

O,N-Dimethyl-N-(6-methylamino-4,8-bis-n-propylamino-pyrimido[5,4-d] pyrimidin-2-yl)-
hydroxylamine;

N* N®-Dimethyl-N* N°-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2 N? N°-Trimethyl-N* N®-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

6-Chloro-N2-methyl-N* N®-di-n-propylpyrimido[5,4-d |pyrimidine-2,4,8-triamine;

NZ,NZ—DiethyI-Nﬁ-methyl-N"',Ng-di-n-propyl-p)m'mido{S,4-d]py1imidine—2,4,6,8—tetraamine;

2-(4,8-Bis-n-propylamino-6-methylamino-pyrimido[ 5,4-d]pyrimidin-2-yl-amino)-ethanol,

N2-(2-Methoxy-ethyl)-N°-methyl-N* N®-di-n-propyl- pyrimido[5,4-d|pyrimidine-2,4,6,8-
tetraamine;

N2-(2-Isopropoxy-ethyl)-N°-methyl-N* N*-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-
tetraamine;

NE-Methyl-N*,N°-di-n-propyl-N°~(3,3,3-trifluoropropyl)-pyrimido[ 5,4-dpyrimidine-2,4,6,8-

tetraamine
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N°-Methyl-N* N*-di-n-propyl-6-(morpholin-4-y1)-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

N2_Methyl-N* N&-di-n-propyl-6-(piperidin-1-y1)-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N°-Methyl-N* N-di-n-propyl-6-pyrrolidin-1-yl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N°-Methyl-N* N*-di-n-propyl-6-(4-methoxy-piperidin-1-yl)-pyrimido[5,4,-d]pyrimidine-
2,4,8-triamine;

N-(3 —Ch10r0-2-methy1—benzy])—Nﬁ-methyl-N4,Ns—di—n-propyl-pyrimido[5,4—d]pyrimidine—
2,4.6,8-tetraamine;

NZ-(3,4-Dichlorobenzyl)-Ne-methyl—N4,N8-di-n-propyl-p}q“imido[5,4—d]py1imidine—2,4,6,8—
tetraamine;

N2-(4-Fluorobenzyl)-N-methyl-N* N®-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-
tetraamine;

6-Chloro-N* N2-dimethyl-N*-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N2 N2 N* N8-Tetramethyl-N°-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2,Nz-DialIyl-N4,N8-dimethyl—Nﬁ—n—propyl-pyrimido[5,4—d]pyrimidine—2,4,6,8-tetraamine;

2-[(4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2-yl)-methyl-amino]-
ethanol;

Nz-(2—Isopropoxy—ethyl)-NJ‘,N8~dimethy1—N6-n-propyl—pyrimido[5,4-d]pyrimidine-2,4,6,8-
tetraamine;

2—[N—(Z—Dimethylamino—ethyl)-N-methyl]amino-N‘;,Ns—dimethyl-N(’-n-propyl-pyrimido[5,4-
d]pyrimidine-4,6,8-triamine;

2-[(4,8-Bis-methylamino-6-#-propylamino-pyrimido[5,4-d]pyrimidin-2-yl)-(2-hydroxy-
ethyl)-amino]-ethanol;

Nz,Nz-Bis-(Z—methoxyethyl)-N",Ns—dimethyl-Nﬁ-n-propyl-pyrimido[5,4-d]pyrimidine—
2,4,6,8-tetraamine;

6-(4-Oxo-piperidin-1 —yl)-N4,N8-dimethyl-Nz—n—propylamino-pyrimido—[5,4—d]pyrimidine-
2,4,8-triamine;

NZ-(3 _Trifluoromethyl-piperidin-1-yl)-N* N®-dimethyl-6-n-propylamino-pyrimido-[ 5,4-
d]pyrimidine-2,4,8-triamine;

N2-6—n—Propylamin0-N4,Ng—dimethyl-Z-( 1,1-dioxo-thiomorpholin-4-yl)-pyrimido-[5,4-
d]pyrimidine-2,4,8-triamine;

N2—n—Propyl-N4,N8—dimethy1-6-(4,4-diﬂuoro-piperidin—1 -yD)-pyrimido[ 5,4-d]pyrimidine-
2.4 8-triamine;

N% N* N® N®_Tetramethyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;
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N? N®-Diethyl-N* N®-dimethyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2 N8-Di-n-butyl-N* N*-dimethyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

NZ,N6-Bis-cyclopropylmethy1~N4,N8-dimethyl—pyrimido[5,4—d]pyrimidine-2,4,6,8-tetraamine;

N2 N®-Diisobutyl-N* N®-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N N6-Diallyl-N* N®-dimethyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

2-Chloro-6-(N,N’-dimethyl-hydrazino)-N*,N*-dimethyl-pyrimido[ 5,4-d]pyrimidine-4,8-
diamine;

0-(N ,N’-Dimethyl—hydraziﬁo)~N2,N2,N4,Ng-tetramethyl-pyrimido[5,4-d]pyrimidine-2,4,8-
triamine;

N* N®-Dimethyl-6-propoxy-N>-#-propyl-pyrimido[ 5,4-d Jpyrimidine-2,4,8-triamine;

N* NE-Dimethyl-N-n-propyl-6-propylsulfanyl-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

6—Benzy10xy-N4,N8-dimethyl-Nz-n-propyl-pyrimido[5,4-d]pyn'midine-2,4,8—triamine;

4,8-Bis-methylamino-6-s-propylamino-pyrimido[5,4-d]pyrimidin-2-ol;

4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidine-2-carbonitrile;

N* N¥.-Dimethy}-N*-n-propyl-6-(aminomethyl)-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

6-Carbamoyl—N4,N8—dimethyl-Nz-n—propyl-pyrimido[5,4-d]pyrimidine—2,4,8-triamine;

4,8-Bis-methylamino-6-n#-propylamino-pyrimido[5,4-d]pyrimidine-2-carboxylic acid,

N-(n-Propyl)-[4,8-bis-methylamino-6-xr-propylamino-pyrimido[5,4-d]pyrimidin-2-yl]-
amidine;

N* N:-Dimethyl-N*-n-propyl-6-(4-fluorophenyl)-pyrimido[ 5, 4-d]pyrimidine-2,4,8-triamine;

N2-Methyl-N* N®-di-n-propyl-6-(4-fluorophenyl)-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

N* N®-Dimethyl-N%-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

6-n-Butyl-Nz—methyl—N4,Ns-di-n-propyl-pyrimido[5,4-d]pyrimidine—2,4,8-triamine;

6-Methoxy-N>-Methyl-N* N*-di-n-propyl-pyrimido[ 5,4-d)pyrimidine-2,4,8-triamine;

6-Methylamino-4,8-bis-n-propylamino-pyrimido[5,4-d]pyrimidine-2-carbonitrile;

N? N* N® N3-Tetraethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine

2,6-Dichloro-N* N3-diethyl-pyrimido[5,4-d]pyrimidine-4,8-diamine;

N4,N8—Diethy1-N2,N6-Di-n-pr0pyl-pyrimido[5,4-d]pyrimidine-2,4,6,8—tetraamine;

N2,NG—Bis—cyclopropylmethyl-N4,Ns-diethyl-pyrimido[5,4-d]pyrimidine—2,4,6,8—tetraamine;

N?,N°-Diethyl-N* N*-bis-cyclopropylmethyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2, N NC-Triethyl-N* N%-bis-cyclopropylmethyl-pyrimido[ 5,4-dJpyrimidine-2,4,6,8-
tetraamine;

6-Chloro-N*-ethyl-N* N&-bis-cyclopropylmethyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;
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N2, NS-Diethyl-N* N®-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N? N°-Dicyclopropyl-N*,N*-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N? N°-Bis-cyclopropylmethyl-N* N®-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-
tetraamine;

NZ,NZ,N(’,Nﬁ—Tetramethyl—N4,N8-di-n-propyl-pyrimido[5,4—d]pyrimidine-2,4,6,8~tetraamine;

N* N®-Diallyl-N* N®-dimethyl-pyrimido[ 5,4-d])pyrimidine-2,4,6,8-tetraamine;

N2 N* NE-Tri allyl-6-[4-(4-fluorobenzyl)-piperazin-1-yl]-pyrimido[5,4-d]pyrimidine-2,4,8-
triamine;

6—Chlor0-NZ,N4,N8—triallyl—pyrimido[5,4-d]pyrimidine—2,4,8—triamine;

N2 N* N8-Triallyl-6- {4-[bis-(4-fluorophenyl)-methyl]-piperazin-1-yl }-pyrimido[ 5,4-d]
pyrimidine-2,4,8-triamine;

NZ,NZ,N6-Triethyl-N4,N8-di-n-pr0pyl—pyrimido[5,4-d]pyrimidine—2,4,6,8-tetraamine;

(4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2-ylamino)-acetic acid
tert-butyl ester;

(4,8-Bis-methylamino-6-n-propylamino-pyrimido[ 5,4-d)pyrimidin-2-ylamino)-acetic acid;

N-n-Propyl-[2-(4,8-bis-methylamino-6-propylamino-pyrimido[5,4-d]pyrimidin-2-ylamino)]-
acetamide;

(6-Chloro-4,8-bis-methylamino-pyrimido[5,4-d]pyrimidin-2-ylamino)-acetic acid ethyl ester;

a salt thereof, and any combinations thereof.

51.  The pharmaceutical composition of claim 36, wherein the salt is
selected from the group consisting of sulfate, hydrogen sulfate, chloride, bromide, iodide,
nitrate, carbonate, phosphate, hydrogen phosphate, dihydrogen phosphate, formate, acetate,
propionate, succinate, glycolate, gluconate, lactate, malate, tartrate, citrate, ascorbate,
glucuronate, maleate, fumarate, pyruvate, aspartate, glutamate, benzoate, anthranilate, 4-
hydroxybenzoate, phenylacetate, mandelate, pamoate, methanesulfonate, ethanesulfonate,
benzenesulfonate, pantothenate, trifluoromethanesulfonate, 2-hydroxyethanesulfonate, p-
toluenesulfonate, sulfanilate, cyclohexylaminosulfonate, stearate, alginate, S-hydroxy-
butyrate, salicylate, galactarate, galacturonate, saccharin, saccharate, and glycerol-

phosphonate.

52.  An effective amount of a pharmaceutical composition comprising at

least one pharmaceutically acceptable carrier and at least one compound or salt thereof
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selected from the group consisting of:

R, X

-~

N
4
N)§ X"

a compound of formula (I): R® (I}, wherein in formula (I):

Rl, Rz, R’ , R4, RS, Rﬁ, R’ and R® are independently H, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted
phenylalkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl,
heteroarylalkyl, substituted heteroarylalkyl, heteroaryl or substituted
heteroaryl;

or R and R?, R* and R* R’ and R6, or R” and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl, 6-
hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;

each occurrence of X is independently selected from the group consisting of bond,
NH, NR® and O; and,

each occurrence of R” is independently alkyl or substituted atkyl;

a compound of formula (II): R (II), wherein in formula (II):

R', R2, R3,R4, R’ and R® are independently H, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
heteroarylalkyl, heteroaryl or substituted heteroaryl,;
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or R! and RZ, R? and R4, R® and Ré, or R"and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl,
6-hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;

each occurrence of X is independently selected from the group consisting of bond,
NH, NR® and O;

each occurrence of R’ is independently alkyl or substituted alkyl;

R s H, halogen, cyano, alkyl, substituted alkyl, alkoxy or substituted alkoxy;

and,

R2
RY, />|<
N
N)\\‘N

7
R\ ! o R10

a compound of formula (I1I): (III}, wherein in formula (I1I):

R', R?% R* R*, R" and R® are independently H, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
heteroarylalkyl, heteroaryl or substituted heteroaryl;

or R! and R%, R? and R%, R® and R®, or R” and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl,
6-hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;

each occurrence of X is independently selected from the group consisting of bond,
NH, NR® and O;

each occurrence of R’ is independently alkyl or substituted alkyl; and

R'° is H, halogen, cyano, alkyl, substituted alkyl, alkoxy or substituted alkoxy; for use

in preventing destabilization or stabilizing breathing rhythm in a subject in need thereof.

53.  The pharmaceutical composition of claim 52, wherein the
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destabilization is associated with a breathing control disorder or disease selected from the
group consisting of respiratory depression, sleep apnea, apnea of prematurity, obesity-
hypoventilation syndrome, primary alveolar hypoventilation syndrome, dyspnea, altitude
sickness, hypoxia, hypercapnia, chronic obstructive pulmonary disease (COPD), sudden
infant death syndrome (SIDS), congenital central hypoventilation syndrome, Alzheimer’s
disease, Parkinson’s disease, stroke, Duchenne muscular dystrophy, and brain and spinal cord

traumatic injury.

54.  The pharmaceutical composition of claim 53, wherein the respiratory
depression is caused by an anesthetic, a sedative, a sleeping aid, an anxiolytic agent, a

hypnotic agent, alcohol or a narcotic.

55.  The pharmaceutical composition of claim 52, wherein the subject is to
be further administered at least one additional agent useful for treating the breathing disorder

or disease.

56.  The pharmaceutical composition of claim 55, wherein the at least one
additional agent is selected from the group consisting of doxapram and enantiomers thereof,
acetazolamide, almitrine, theophylline, caffeine, methylprogesterone and related compounds,
sedatives that increase arousal threshold in sleep disordered breathing patients,
benzodiazepine receptor agonists, orexin antagonists, tricyclic antidepressants, serotonergic
modulators, adenosine and adenosine receptor and nucleoside transporter modulators,
cannabinoids, orexins, melatonin agonists, ampakines, sodium oxybate, modafinil,

armodafinil, and inhaled therapeutics.

57.  The pharmaceutical composition of claim 55, wherein the compound

and the agent are to be separately administered to the subject.

58.  The pharmaceutical composition of claim 55, wherein the compound
and the agent are to be co-administered to the subject, further wherein the compound and the

agent are physically mixed or physically separated prior to being administered to the subject.

59.  The pharmaceutical composition of claim 52, wherein the subject is to
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be further administered at least one additional therapeutic agent known to change normal

breathing control in the subject

60.  The pharmaceutical composition of claim 59, wherein at least one
additional agent is selected from the group consisting of opioid narcotics, benzo-diazepines,

sedatives, sleeping aids, hypnotics, propofol, and any combinations thereof.

61.  The pharmaceutical composition of claim 52, wherein the composition
is to be administered in conjunction with the use of a mechanical ventilation device or

positive airway pressure device on the subject.

62.  The pharmaceutical composition of claim 52, wherein the subject is a

mammal or bird.

63.  The pharmaceutical composition of claim 62, wherein the mammal is a

human.

64.  The pharmaceutical composition of claim 52, wherein the composition
is to be administered to the subject by a nasal, inhalational, topical, oral, buccal, rectal,
pleural, peritoneal, vaginal, intramuscular, subcutaneous, transdermal, epidural, intratracheal,

otic, intraocular, intrathecal or intravenous route.

65.  The pharmaceutical composition of claim 64, wherein the composition

is to be orally administered to the subject.

66.  The pharmaceutical composition of claim 52, wherein the at least one
compound is selected from the group consisting of:
N’ N°-Dimethyl-N* N%-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;
N2 N* N® N®-Tetra-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;,
N2,N6-Di—n—butyl—N4,Ng-di-n-propyl-pyrimido[5,4-d]pyrimidine—2,4,6,8-tetraamine;
N’ N°-Di-i-propyl-N* N®-di-n-propyl-pyrimido[ 5,4-dJpyrimidine-2.4,6,8-tetraamine;
Nz,N6—Dimethyl—N4-n-pr0pyl-N8-pr0p-2-ynyl-pyrimido[5,4-d]pyrimidine—2,4,6,8-tetraamine;
N2,N6-Bis—(N—methoxy(N-methy])amino)-N4,N8—bis-n-propylamino-pyrimido[5,4-d]
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pyrimidine;

N-(6-Chloro-4,8-bis-propylamino-pyrimido[5,4-d]pyrimidin-2-yl)-O,N-dimethyl-
hydroxylamine;

N% N°.Bis-(N -Methoxy(N—methyl)amino)-N4,N8—bis—n—propylamino-pyrimido[5 4-d]
pyrimidine hydrochloride;

N2-Methyl-N* N®-di-n-propyl-pyrimido[ 5,4-d|pyrimidine-2,4,8-triamine;

O,N-Dimethyl-N-(6-methylamino-4,8-bis-z-propylamino-pyrimido[5,4-d] pyrimidin-2-yl)-
hydroxylamine;

N* N3 _Dimethyl-N* N°-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

NZ N2 N®-Trimethyl-N* N%-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

6-Chloro-N>-methyl-N* N*-di-n-propylpyrimido[ 5,4-d] pyrimidine-2,4,8-triamine;

N2,NZ-Diethyl—NG-methyl-N4,N8-di-n—propyl-pyrimido[5,4—d]pyrimidine—2,4,6,8—tetraamine;

2-(4,8-Bis-n-propylamino-6-methylamino-pyrimido[ 5,4-d}pyrimidin-2-yl-amino)-ethanol;

N2-(2-Methoxy—ethyl)-Nf’-methyl-N“,Ns—di—n—propyL pyrimido[5,4-d]pyrimidine-2,4,6,8-
tetraamine;

N2—(2-Isopropoxy—ethyl)-Nf’-methyl-N4,NB-di—n—propyl—pyrimido[S,4-d]pyrimidine-2,4,6,8-
tetraamine;

N®-Methyl-N* N°-di-n-propyl-N*-(3,3,3-trifluoropropyl)-pyrimido[ 5,4-dlpyrimidine-2,4,6,8-
tetraamine

N*-Methyl-N* N8-di-n-propyl-6-(morpholin-4-yl)-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

N2-Methyl-N* N®-di-n-propyl-6-(piperidin-1-yl)-pyrimido[ 5,4-d|pyrimidine-2,4,8-triamine;

Nz-MethyI—N4,N8-di-n—propyl—6-pyrrolidin-1 -yl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N?-Methyl-N* N®-di-n-propyl-6-(4-methoxy-piperidin-1-yl)-pyrimido[5,4,-d]pyrimidine-
2,4,8-triamine;

N>-(3 -Chloro-Z-methyl-benzyl)—Né—methyl-N4,N8-di-n-propyl-pyrimido[5,4-d]pyrimidine-
2,4,6,8-tetraamine;

Nz—(3,4-DichIorobenzyl)—N6-methyl—N4,NB-di-n—propyl—pyrimido[5,4-d]pyrimidine-2,4,6,8-
tetraamine;

Nz-(4-Fluorobenzyl)-Nﬁ-methyl-N4,N3—di—n—propyl-pyﬁmido[5 A4-d]pyrimidine-2,4,6,8-
tetraamine;

6-Chloro-N* N*-dimethyl-N-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

N2,N2,N4,N8-Tetramethyl—N6—n—propyl—pyn'mido[5,4—d]pyrimidine—2,4,6,8-tetraamine;

N2,N2—Diallyl-N4,N8-dimethyl—Nﬁ—n—propyl-pyrimido[5,4-d]pyrimidine—2,4,6,8-tetraamine;
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2-[(4,8-Bis-methylamino-6-n#-propylamino-pyrimido{5,4-d]pyrimidin-2-yl)-methyl-amino]-
ethanol,

NE—(Z-Isopropoxy-ethyl)—N4,N8-dimethyl-Nﬁ-n.-propyl-pyrimido[5,4—d]pyrimidine—2,4,6,8—
tetraamine;

2-[N-(2-Di1nethylamino-ethyl)-N-methyl]amino-N4,Ng-dimethyl—NG—n—propyl-pyrimido[5,4-
d]pyrimidine-4,6,8-triamine;

2-[(4,8-Bis-methylamino-6-n-propylamino-pyrimido[ 5,4-d]pyrimidin-2-yl)-(2-hydroxy-
ethyl)-amino]-ethanol;

Nz,Nz-Bis-(Z-methoxyethyl)-N4,N8-dimethyl-N6—n—propyl—pyrimido[5,4—d]pyrimidine-
2,4,60,8-tetraamine;

6-(4-Oxo-piperidin-1 -yl)—N4,Ng-dimethyI-Nz-n-propylamino-pyrimido-[5,4-d]pyrimidine—
2,4,8-triamine;

N>-(3-Trifluoromethyl-piperidin-1-yl)-N* N*-dimethyl-6-n-propylamino-pyrimido-[ 5,4-
d]pyrimidine-2,4,8-triamine;

N>-6-n-Propylamino-N* N*-dimethyl-2-(1,1-dioxo-thiomorpholin-4-yl)-pyrimido-[ 3,4~
d]pyrimidine-2,4,8-triamine;

N2-n-Propyl-N* N*-dimethyl-6-(4,4-difluoro-piperidin-1-yl)-pyrimido[5,4-d]pyrimidine-
2,4 8-triamine;

N2, N* N N-Tetramethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2 N°-Diethyl-N* N®-dimethyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

Nz,Nﬁ-Di-n—butyl-N4,Ng-dimethyl-pyrimido[5,4—d]pyrimidine~2,4,6,8-tetraamine;

N2,Nﬁ—Bis-cyclopropylmethyl-N4,N8-dirnethyl-pyn'mido[5 ,4-d]pyrimidine-2,4,6,8-tetraamine;

N? ,Nﬁ-Diisobutyl—N4,Ng-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8—tetraamine;

N? N®-Diallyt-N* N®-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

2-Chloro-6-(N,N ’-dimethyl—hydrazino)-N4,N8-dimethy1-pyrimido[5,4-d]pyrimidine—4,8—
diamine;

6-(N,N’-Dimethyl-hydrazino)-N2 N2 N* N®-tetramethyl-pyrimido[ 5,4-d]pyrimidine-2,4,8-
triamine;

N4,NS—Dimethy1-6-propoxy-Nz—n-propyl—pyrimido[5,4-d]pyrimidine—2,4,8-triamine;

N* N&.Dimethyl-N*-n-propyl-6-propylsulfanyl-pyrimido[ 5 4-d]pyrimidine-2,4,8-triamine;

6—Benzyloxy-N"',N8-dimethyl—Nz—n—propyl-pyrimido[5,4-d]pyﬁmidine-2,4,8-triamine;

4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2-ol;

4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidine-2-carbonitrile;
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N N®-Dimethyl-N>-n-propyl-6-(aminomethyl)-pyrimido[ 5,4-dpyrimidine-2,4,8-triamine;

6-Carbamoyl-N* N®-dimethyl-N-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

4,8-Bis-methylamino-6-r-propylamino-pyrimido[5,4-d]pyrimidine-2-carboxylic acid;

N-(n-Propyl)-[4,8-bis-methylamino-6-z#-propylamino-pyrimido[ 5,4-d]pyrimidin-2-yi]-
amidine;

N* N¥-Dimethyl-N>-n-propyl-6-(4-fluorophenyl)-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

N2-Methyl-N* N*-di-n-propyl-6-(4-fluorophenyl)-pyrimidof 5,4-d]pyrimidine-2 ,4,8-triamine;

N*.N®-Dimethyl-N*-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

6-n-Butyl-N*-methyl-N* N®-di-n-propyl-pyrimido[5,4-dJpyrimidine-2,4,8-triamine;

6-Methoxy-N*-Methyl-N* N*-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4 8-triamine;

6-Methylamino-4,8-bis-#-propylamino-pyrimidof5,4-d]pyrimidine-2-carbonitrile;

NZ,N4,N6,N8-Tetraethyl—pyrimido[5,4—d]pyrimidine-2,4,6,8-tetraamine

2,6-Dichloro-N* N¥-diethyl-pyrimido[5,4-d]pyrimidine-4,8-diamine;

N4,N8-Diethyl-NZ,N6-Di-n-propyl—pyrimido[5,4—d]pyrimidine-2,4,6,8-tetraamine;

NZ,N6-Bis-cyclopropy]methyl-N4,Ng-diethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

NZ,N®-Diethyl-N* N8-bis-cyclopropylmethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2 N? NC-Triethyl-N* N®-bis-cyclopropylmethyl-pyrimido[ 5,4-dpyrimidine-2,4.6,8-
tetraamine;

6-Chloro-N2-ethyl-N* N¥-bis-cyclopropylmethyl-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

N% NC-Diethyl-N* N&-di-n-propyl-pyrimido[3,4-d]pyrimidine-2,4,6,8-tetraamine;

NZ,N(’—Dicyclopropyl-N4,N8-di—n—propyl—pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

NZ,NG-BiS—cycl0propylmethyl-N4,N8-di-n-propyl-pyrimido[5,4—d]pyrimidine—2,4,6,8—
tetraamine;

N%, N2 N8 N®-Tetramethyl-N* N*-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N* N&-Diallyl-N? N°-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2 N* NE-Triallyl-6-[4-(4-fluorobenzyl)-piperazin-1-yl]-pyrimido[ 5,4-d |pyrimidine-2,4,8-
triamine;

6-Chloro-N? N* N®-triallyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N2 N* NE-Triallyl-6- {4-[bis-(4-fluorophenyl)}-methyl]-piperazin-1-y1}-pyrimido[5,4-d]
pyrimidine-2,4,8-triamine;

N’ N? N®-Triethyl-N* N®-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

(4,8-Bis-methylamino-6-»n-propylamino-pyrimido[5,4-d]pyrimidin-2-ylamino)-acetic acid
tert-butyl ester;
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(4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2-ylamino)-acetic acid;

N-n-Propyl-[2-(4,8-bis-methylamino-6-propylamino-pyrimidof5,4-d]pyrimidin-2-ylamino)]-
acetamide;

(6-Chloro-4,8-bis-methylamino-pyrimido[5,4-d]pyrimidin-2-ylamine)-acetic acid ethyl ester;

a salt thereof, and any combinations thereof.

67.  The pharmaceutical composition of claim 52, wherein the salt is
selected from the group consisting of sulfate, hydrogen sulfate, chloride, bromide, 1odide,
nitrate, carbonate, phosphate, hydrogen phosphate, dihydrogen phosphate, formate, acetate,
propionate, succinate, glycolate, gluconate, lactate, malate, tartrate, citrate, ascorbate,
glucuronate, maleate, fumarate, pyruvate, aspartate, glutamate, benzoate, anthranilate, 4-
hydroxybenzoate, phenylacetate, mandelate, pamoate, methanesulfonate, ethanesulfonate,
benzenesulfonate, pantothenate, trifluoromethanesulfonate, 2-hydroxyethanesulfonate, p-
toluenesulfonate, sulfanilate, cyclohexylaminosulfonate, stearate, alginate, S-hydroxy-
butyrate, salicylate, galactarate, galacturonate, saccharin, saccharate, and glycerol-

phosphonate.

68.  The compound of claim 1, wherein the compound is N-N°-bis-
cyclopropylmethyl-N* N°-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine and
wherein the X-ray powder diffraction spectrum of the compound comprises 2® values (in
degrees) of about 8.12, 9.59, 12.60, 15.02, 16.33, 17.40, 18.98, 20.68, 21.72, 22.28§, 23.98,
25.24, and 26.70.

69. A method of preparing N*-N°-bis-cyclopropylmethyl N*, N*-dimethyl-
pyrimido[5,4-dJpyrimidine-2,4,6,8-tetraamine (84), comprising reacting 2,6-dich10ro-N4,N8-
dimethyl-pyrimido[5,4-d]pyrimidine-4,8-diamine and cyclopropylmethylamine in a solvent.

70.  The method of claim 69, wherein the reaction is run under heating and
wherein (84) precipitates from the solvent once the reaction system is cooled to room

temperature.

71.  The method of claim 69, wherein the solvent comprises #-butanol.
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72.  The method of claim 70, wherein the precipitated (84) is recrystallized

from n-butanol.

73. The method of claim 72, wherein the recrystallized (84) has a X-ray

powder diffraction spectrum comprising 2@ values (in degrees) of about 8.12, 9.59, 12.60,
15.02, 16.33, 17.40, 18.98, 20.68, 21.72, 22.28, 23.98, 25.24, and 26.70.

74.  The method of claim 69, wherein the 2,6-dichloro-N* N®-dimethyl-
pyrimido[5,4-d}pyrimidine-4,8-diamine is prepared by reacting 2,4,6,8-tetrachloro-
pyrimido[5,4-d]pyrimidine and methylamine in a solvent.

75. The method of claim 74, wherein the ratio of equivalents of 2,4,6,8-

tetrachloro-pyrimido[5,4-d]pyrimidine to methylamine is about 1 : 4.5.

76.  The use of at least one pharmaceutically acceptable carrier and at least
one compound or salt thereof selected from the group consisting of:
R2
; I
R, _X

N "
S X

a compound of formula (I): R® (1), wherein in formula (I):

R, R R R R R R and R® are independently H, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted
phenylalkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl,
heteroarylalkyl, substituted heteroarylalkyl, heteroaryl or substituted
heteroaryl;

or R' and R?, R? and R* R®and R6, or R" and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl, 6-
hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;
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each occurrence of X is independently selected from the group consisting of bond,
NH, NR” and O; and,

each occurrence of R’ is independently alkyl or substituted alkyl;

RZ
R! >|<
~ N -~
Ay
NN X
RC M AN
o
Nx N
Re” " \]/10
a compound of formula (II): R (II), wherein in formula (IT):

R', R?, R*,R* R” and R? are independently H, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
heteroarylalkyl, heteroaryl or substituted heteroaryl;

or R' and R?, R* and R*, R® and R®, or R’ and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl,
6-hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;

each occurrence of X is independently selected from the group consisting of bond,
NH, NR’ and O;

each occurrence of R? is independently alkyl or substituted alkyl;

R' is H, halogen, CN, amidino, amido, carboxy, carboxamido, hydrazino, OH, alkyl
or substituted alkyl, alkoxy or substituted alkoxy, or thioalkoxy or substituted
thioalkoxy; and,

R2
RL />|<

N
A

a compound of formula (I1T): (I1I), wherein in formula (11T):

R', R? R R* R and R® are independently H, alkyl, substituted alkyl, cycloalkyl,
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substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
heteroarylalkyl, heteroaryl or substituted heteroaryl;
or R! and R% R® and R*, R® and R®, or R’ and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl,
6-hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;
each occurrence of X is independently selected from the group consisting of bond,
NH, NR® and O;
each occurrence of R is independently alky! or substituted alkyl; and
R"%isH, halogen, CN, amidino, amido, carboxy, carboxamido, hydrazino, OH, alkyl
or substituted alkyl, alkoxy or substituted alkoxy, or thicalkoxy or substituted
thioalkoxy;
in the manufacture of an effective amount of a pharmaceutical composition for the prevention
or the treatment of a breathing control disorder or disease in a subject in need thereof,
wherein the breathing control disorder or disease is selected from the group consisting of
respiratory depression, sleep apnea, apnea of prematurity, obesity-hypoventilation syndrome,
primary alveolar hypoventilation syndrome, dyspnea, altitude sickness, hypoxia, hypercapnia,
chronic obstructive pulmonary disease (COPD), sudden infant death syndrome (SIDS),
congenital central hypoventilation syndrome, Alzhetmer’s disease, Parkinson’s disease,

stroke, Duchenne muscular dystrophy, and brain and spinal cord traumatic injury.

77.  The use of claim 76, wherein the respiratory depression is caused by an
anesthetic, a sedative, a sleeping aid, an anxiolytic agent, a hypnotic agent, alcohol or a

narcotic.

78.  The use of claim 76, wherein the subject is to be further administered

at least one additional agent useful for treating the breathing disorder or disease.

79.  The use of claim 78, wherein the at least one additional agent is
selected from the group consisting of doxapram and enantiomers thereof, acetazolamide,

almitrine, theophylline, caffeine, methylprogesterone and related compounds, sedatives that
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increase arousal threshold in sleep disordered breathing patients, benzodiazepine receptor
agonists, orexin antagonists, tricyclic antidepressants, serotonergic modulators, adenosine and
adenosine receptor and nucleoside transporter modulators, cannabinoids, orexins, melatonin

agonists, ampakines, sodium oxybate, modafinil, armodafinil, and inhaled therapeutics.

80.  The use of claim 78, wherein the compound and the agent are to be

separately administered to the subject.

81.  The use of claim 78, wherein the compound and the agent are to be co-
administered to the subject, further wherein the compound and the agent are physically mixed

or physically separated prior to being administered to the subject.

82.  The use of claim 76, wherein the subject is to be further administered
at least one additional therapeutic agent known to change normal breathing control in the

subject.

83.  The use of claim 82, wherein at least one additional agent is selected
from the group consisting of opioid narcotics, benzodiazepines, sedatives, sleeping aids,

hypnotics, propofol, and any combinations thereof.

84.  The use of claim 76, wherein the composition is to be administered in
conjunction with the use of a mechanical ventilation device or positive airway pressure

device on the subject.

85.  The use of claim 76, wherein the subject is a mamimnal or bird.
86. The use of claim 85, wherein the mammal is a human.
87.  The use of claim 76, wherein the composition is to be administered to

the subject by a nasal, inhalational, topical, oral, buccal, rectal, pleural, peritoneal, vaginal,
Intramuscular, subcutaneous, transdermal, epidural, intratracheal, otic, intraocular, intrathecal

or intravenous route.
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88.  The use of claim 87, wherein the composition is to be orally

administered to the subject.

89.  The use of claim 76, wherein the at least one compound is selected

from the group consisting of?

N NC-Dimethyl-N*,N®-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N N* NS N®-Tetra-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

NZ,NG—Di~n—buty1—N4,N8-di-n-propyl-pyrimido[5,4-d]pyrimidine—2,4,6,8-tetraamine;

Nz,NsnDi-i-propyl-N4,Ng-di-n-propyi-pyrimido[5,4-d]pyrimidine-2,4,6,8—tetraamine;

N N°-Dimethyl-N*-n-propyl-N*-prop-2-ynyl-pyrimido[ 5,4-d]pyrimidine-2.4,6,8-tetraamine;

NZ,N6—Bis—(N—methoxy(N—methyl)amino)—N4,Ng—bis-n-propylamino-pyrimido[5,4-d]
pyrimidine;

N-(6-Chloro-4,8-bis-propylamino-pyrimido[ 5,4-d]pyrimidin-2-yl)-O,N-dimethyl-
hydroxylamine;

N2 N°-Bis-(N-Methoxy(N-methyl}amino)-N*,N*-bis-n-propylamino-pyrimido[ 5,4-d]
pyrimidine hydrochloride;

N%-Methyl-N* N3-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

O,N-Dimethyl-N-(6-methylamino-4,8-bis-n-propylamino-pyrimido[5,4-d] pyrimidin-2-yl)-
hydroxylamine;

N* N¥-Dimethyl-N? N°-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N? N? N°-Trimethyl-N* N®-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

6-Chloro-N*-methyl-N* N®-di-n-propylpyrimido[5,4-d|pyrimidine-2,4,8-triamine;

N2,N2~Diethyl-Nﬁ-methyl-N4,Ng-di-n-propyl-pyrimido[5,4-d]pyrimidine—2,4,6,8-tetraamine;

2-(4,8-Bis-n-propylamino-6-methylamino-pyrimido[ 5,4-d Jpyrimidin-2-yl-amino)-ethanol;

N2-(2-Methoxy-ethyl)-N°-methyl-N* N®-di-n-propyl- pyrimido[5,4-d]pyrimidine-2,4,6.8-
tetraamine;

NZ-(2-Isopropoxy—ethyl)-N(’-methyl-N4,Ns-di-n—propyl-pyrimido[5,4—d]pyrimidine-2,4,6,8-
tetraamine;

N®-Methyl-N* N°-di-n-propyl-N>-(3,3,3-trifluoropropyl)-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-
tetraamine

N2-Methyl-N* N8-di-n-propyl-6-(morpholin-4-yl)-pyrimido[5,4-dJpyrimidine-2,4,8-triamine;

N-Methyl-N* N*-di-n-propyl-6-(piperidin-1-y1)-pyrimido[ 5,4-d]pyrimidine-2,4.8-triamine;

N°-Methyl-N* N8-di-n-propyl-6-pyrrolidin-1-yl-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;
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N2-Methyl-N* N®-di-n-propyl-6-(4-methoxy-piperidin- 1 -yl)-pyrimido[ 5,4,-d |pyrimidine-
2,4,8-triamine;

N2-(3-Chloro-2-methyl-benzyl)-N°-methyl-N* N*-di-n-propyl-pyrimido[ 5,4-dpyrimidine-
2,4,6,8-tetraamine;

N>-(3 ,4—Dichlorobenzyl)—Né-methyl-N4,N8-di-n-propyl-pyﬁmido[5,4-d]pyrimidine—2,4,6,8—
tetraamine;

N2-(4-Fluorobenzyl)-N°-methyl-N* N®-di-n-propyl-pyrimido[5,4-d|pyrimidine-2,4,6,8-
tetraamine;

6—Ch10r0—N4,Ng—dimethyLNz—n-propyl-pyrimido[5,4-d]pyﬁmidine-2,4,8-triamine;

N2 N? N* N&-Tetramethyl-N®-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2 N’-Diallyl-N* N®-dimethyl-N°-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

2-[(4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2-yl)-methyl-amino]-
ethanol,

N°-(2-Isopropoxy-ethyl)-N* N®-dimethyl-N°®-n-propyl-pyrimido{ 5,4-d]pyrimidine-2,4,6,8-
tetraamine;

2—[N—(2—Dimethylamino—ethyl)—N-methyl]amino-N4,N8-dimethy1-N6-n-propyl-pyn'mid0[5,4-
dpyrimidine-4,6,8-triamine;

2-[(4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2-yl)-(2-hydroxy-
ethyl)-amino]-ethanol;

N2 N°-Bis-(2-methoxyethyl)-N*,N*-dimethyl-N°-»-propyl-pyrimido[ 5,4-d]pyrimidine-
2,4,6,8-tetraamine;

6-(4-Oxo-piperidin-1-yl)-N* N8-dimethyl-N-n-propylamino-pyrimido-[ 5,4-d]pyrimidine-
2,4,8-triamine;

N2-(3-Trifluoromethyl-piperidin-1-y1)-N* N®-dimethyl-6-n-propylamino-pyrimido-[5,4-
d]pyrimidine-2,4,8-triamine;

N2-6-n-Propylamino-N* N®-dimethyl-2-(1,1-dioxo-thiomorpholin-4-yl)-pyrimido-[ 5,4-
d]pyrimidine-2,4,8-triamine;

Nz-rz-Propyl-N4,N8-dimethy1-6-(4,4-diﬂuoro-piperidin—1 -yl}-pyrimido[5,4-d]pyrimidine-
2,4,8-triamine;

N2 N* N® N®-Tetramethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2 N®-Diethyl-N* N®-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N? N°-Dj-n-butyl-N* N®-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

NZ,N6-Bis-cyclopropylrnethyl-N4,Ng-dimethyl-pyrimido[5,4—d]pyrimidine—2,4,6,8-tetraamine;
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N?,N°-Diisobutyl-N*,N*-dimethyl-pyrimido[ 5,4-d|pyrimidine-2,4,6,8-tetraamine;

N?,N°-Dijallyl-N* N®-dimethyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

2-Chloro-6-(N,N’-dimethyl-hydrazino)-N* N*-dimethyl-pyrimido[5,4-d]pyrimidine-4,8-
diamine;

6-(N,N’-Dimethyl-hydrazino)-N2 N2 N* N¥-tetramethyl-pyrimido[ 5,4-d|pyrimidine-2,4,8-
triamine;

N* N¥-Dimethyl-6-propoxy-N>-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N* N*-Dimethyl-N2-n-propyl-6-propylsulfanyl-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

6-Benzyloxy-N* N®-dimethyl-N-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

4,8-Bis-methylamino-6-#-propylamino-pyrimido[5,4-d]pyrimidin-2-ol;

4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidine-2-carbonitrile;

N* N®-Dimethyl-N*-1-propyl-6-(aminomethyl)-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

6-Carbamoyl-N* N*-dimethyl-N>-n-propyl-pyrimido[5,4-d Jpyrimidine-2,4, 8-triamine;

4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidine-2-carboxylic acid;

N-(n-Propyl)-[4,8-bis-methylamino-6-r-propylamino-pyrimido[5,4-d]pyrimidin-2-yl]-
amidine;

N* N®-Dimethyl-N-n-propyl-6-(4-fluorophenyl)-pyrimido[ 5,4-d]pyrimidine-2.4,8-triamine;

N2-Methyl-N* N&-di-n-propyl-6-(4-fluorophenyl)-pyrimido[ 5,4-d Jpyrimidine-2,4,8-triaminc;

N* N&Dimethyl-N-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

6-n-Butyl-N*-methyl-N* N®-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

6-Methoxy-N>-Methyl-N* N®-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

6-Methylamino-4,8-bis-n-propylamino-pyrimido[5,4-d]pyrimidine-2-carbonitrile;

N2, N* N8 N8-Tetraethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine

2,6-Dichloro-N* N®-diethyl-pyrimido[5,4-dpyrimidine-4,8-diamine;

N* N®_Diethyl-N? N°-Di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2 N°-Bis-cyclopropylmethyl-N* N8-diethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2 N°-Diethyl-N* N%-bis-cyclopropylmethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N N? N°-Triethyl-N* N*-bis-cyclopropylmethyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-
tetraamine;

6-Chloro-N-ethyl-N* N¥-bis-cyclopropylmethyl-pyrimido[§,4-d]pyrimidine-2,4,8-triamine;

N2 N°-Diethyl-N* N&-di-n-propyl-pyrimido[5,4-d Jpyrimidine-2,4,6,8-tetraamine;

N2,N°-Dicyclopropyl-N* N®-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N? N°-Bis-cyclopropylmethyl-N* N®-di-n-propyl-pyrimido[ 5 4-d]pyrimidine-2,4.6 8-
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tetraamine;

N N%,N°N°-Tetramethyl-N* N®-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

N* N-Diallyl-N* N°-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2 N* N&-Triallyl-6-[4-(4-flucrobenzyl)-piperazin-1-yl]-pyrimido[ 5,4-d Jpyrimidine-2,4,8-
triamine;

6-Chloro-N?,N* N*-triallyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N?,N* N¥-Triallyl-6- {4-[bis-(4-fluorophenyl)-methyl]-piperazin-1-yl}-pyrimido[ 5,4-d]
pyrimidine-2,4,8-triamine;

NZN% NP-Triethyl-N* N*-di-n-propyl-pyrimido[ 5,4-d)pyrimidine-2,4,6,8-tetraamine;

(4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2-ylamino)-acetic acid
tert-butyl ester;

(4,8-Bis-methylamino-6-n-propylamino-pyrimido[ 5,4-d]pyrimidin-2-ylamino)-acetic acid;

N-n-Propyl-[2-(4,8-bis-methylamino-6-propylamino-pyrimido[ 5,4-d]pyrimidin-2-ylamino)]-
acetamide;

(6-Chloro-4,8-bis-methylamino-pyrimido[5,4-d]pyrimidin-2-ylamino)-acetic acid ethyl ester;

a salt thereof, and any combinations thereof.

90.  The use of claim 76, wherein the salt is selected from the group
consisting of sulfate, hydrogen sulfate, chloride, bromide, 1odide, nitrate, carbonate,
phosphate, hydrogen phosphate, dihydrogen phosphate, formate, acetate, propionate,
succinate, glycolate, gluconate, lactate, malate, tartrate, citrate, ascorbate, glucuronate,
maleate, fumarate, pyruvate, aspartate, glutamate, benzoate, anthranilate, 4-hydroxybenzoate,
phenylacetate, mandelate, pamoate, methanesulfonate, ethanesulfonate, benzenesulfonate,
pantothenate, trifluoromethanesulfonate, 2-hydroxyethanesulfonate, p-toluenesulfonate,
sulfanilate, cyclohexylaminosulfonate, stearate, alginate, 8-hydroxybutyrate, salicylate,

galactarate, galacturonate, saccharin, saccharate, and glycerol-phosphonate.

o1. The use of at least one pharmaceutically acceptable carrier and at least

one compound or salt thereof selected from the group consisting of:
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a compound of formula (I): RS (I), wherein in formula (I):

RI, Rz, R3, R4, Rs, R6, R” and R® are independently H, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted
phenylalkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl,
heteroarylalkyl, substituted heteroarylalkyl, heteroaryl or substituted
heteroaryl;

or R' and Rz, R*and R*, R’ and R, or R’ and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl, 6-
hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;

each occurrence of X is independently selected from the group consisting of bond,
NH, NR® and O; and,

each occurrence of R’ is independently alkyl or substituted alkyl;

R?
I
Rl X
\N/
A RY
-~
NTSN X
RY l
~ P N
G
x Nx N
RS \rm .
a compound of formula (II): R (I}, wherein in formula (II):

RLRZ R RY R7and R8 are independently H, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
heteroarylalkyl, heteroaryl or substituted heteroaryl;

or R' and R%, R? and R*, R’ and R®, or R7 and R® independently combine as to form a
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biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl,
6-hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;
each occurrence of X is independently selected from the group consisting of bond,
NH, NR® and O;
each occurrence of R is independently alkyl or substituted alkyl;
R'? is H, halogen, cyano, alkyl, substituted alkyl, alkoxy or substituted alkoxy;
and,
R2
R1 />|<

N
A

N

X,
/
\
A

a compound of formula (III): (I1I), wherein in formula (III):

R, R*,R* R* R” and R®are independently H, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, phenyl, substituted phenyl, phenylalkyl, substituted phenylalkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, heteroarylalkyl, substituted
heteroarylalkyl, heteroaryl or substituted heteroaryl;

or R! and Rz, R? and R4, R and R6, or R7 and R® independently combine as to form a
biradical selected from the group consisting of 3-hydroxy-pentane-1,5-diyl,
6-hydroxy-cycloheptane-1,4-diyl, propane-1,3-diyl, butane-1,4-diyl and
pentane-1,5-diyl;

each occurrence of X is independently selected from the group consisting of bond,
NH, NR® and O;

each occurrence of R is independently alkyl or substituted alkyl; and

R'® is H, halogen, cyano, alkyl, substituted alkyl, alkoxy or substituted alkoxy;

in the manufacture of an effective amount of a pharmaceutical composition for the
prevention of the destabilization or for the stabilization of breathing rhythm in a subject in

need thereof, wherein the destabilization is associated with a breathing control disorder or

disease selected from the group consisting of respiratory depression, sleep apnea, apnea of
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prematurity, obesity-hypoventilation syndrome, primary alveolar hypoventilation syndrome,
dyspnea, altitude sickness, hypoxia, hypercapnia, chronic obstructive pulmonary disease
(COPD), sudden infant death syndrome (SIDS), congenital central hypoventilation syndrome,
Alzheimer’s disease, Parkinson’s disease, stroke, Duchenne muscular dystrophy, and brain

and spinal cord traumatic injury.

92.  The use of claim 91, wherein the respiratory depression is caused by an
anesthetic, a sedative, a sleeping aid, an anxiolytic agent, a hypnotic agent, alcohol or a

narcotic.

93.  The use of claim 91, wherein the subject is to be further administered

at least one additional agent useful for treating the breathing disorder or disease.

94. The use of claim 93, wherein the at least one additional agent is
selected from the group consisting of doxapram and enantiomers thereof, acetazolamide,
almitrine, theophylline, caffeine, methylprogesterone and related compounds, sedatives that
increase arousal threshold in sleep disordered breathing patients, benzodiazepine receptor
agonists, orexin antagonists, tricyclic antidepressants, serotonergic modulators, adenosine and
adenosine receptor and nucleoside transporter modulators, cannabinoids, orexins, melatonin

agonists, ampakines, sodium oxybate, modafinil, armodafinil, and inhaled therapeutics.

95.  The use of claim 93, wherein the compound and the agent are to be

separately administered to the subject.

96. The use of claim 93, wherein the compound and the agent are to be co-
administered to the subject, further wherein the compound and the agent are physically mixed

or physically separated prior to being administered to the subject.

97. The use of claim 91, wherein the subject is to be further administered
at least one additional therapeutic agent known to change normal breathing control in the

subject

98. The use of claim 97, wherein at least one additional agent is selected
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from the group consisting of opioid narcotics, benzodiazepines, sedatives, sleeping aids,

hypnotics, propofol, and any combinations thereof.

99,  The use of claim 91, wherein the composition is to be administered in
conjunction with the use of a mechanical ventilation device or positive airway pressure

device on the subject.
100. The use of claim 91, wherein the subject is a mammal or bird.
101.  The use of claim 100, wherein the mammal is a human.

102. The use of claim 91, wherein the composition is to be administered to
the subject by a nasal, inhalational, topical, oral, buccal, rectal, pleural, peritoneal, vaginal,
intramuscular, subcutaneous, transdermal, epidural, intratracheal, otic, intraocular, intrathecal

or intravenous route.

103. The use of claim 102, wherein the composition is to be orally

administered to the subject.

104. The use of claim 91, wherein the at least one compound is selected
from the group consisting of:
N? N-Dimethyl-N* N®-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
N2, N* N® N®-Tetra-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
Nz,N(’-Di-n-butyl-N“,NS-di-n-propyl-pyrimido[S,4—d]pyrimidine—2,4,6,8-tetraamine;
Nz,N(’-Di-z'-propyl-N4,NS-di-n-propyl-pyrimido[5,4-d]pyri1nidine-2,4,6,8-tetraamine;
N2, N°-Dimethyl-N*-n-propyl-N®-prop-2-ynyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
N2, N°-Bis-(N-methoxy(N-methyl)amino)-N*,N®-bis-n-propylamino-pyrimido[ 5,4-d]
pyrimidine;
N-(6-Chloro-4,8-bis-propylamino-pyrimido[5,4-d]pyrimidin-2-y1)-O,N-dimethyl-
hydroxylamine;
N2,N6-Bis-(N-Methoxy(N-methyl)amino)-N4,N8~bis—n—propy1amino-pyﬁmido[5,4-d]
pyrimidine hydrochloride;
Nz-MethyI-N4,N8-di-n-propyl-pyrimido{5,4-d]pyrimidine—2,4,8-triamine;
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O,N-Dimethyl-N-{6-methylamino-4,8-bis-n-propylamino-pyrimido[ 5,4-d] pyrimidin-2-yl)-
hydroxylamine;

N* N®.-Dimethyl-N* N°-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6.8-tetraamine;

N2,NZ,NE'-Trimethyl-N4,Ng-di—n-propyl—pyrimido[5,4—d]pyrimidine—2,4,6,8-tetraa1nine;

6-Chloro-Nz-methyl-N4,N8-di-n-propylpyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N2, NZDiethyl-N®-methyl-N*,N*-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

2-(4,8-Bis-n-propylamino-6-methylamino-pyrimido[5,4-d]pyrimidin-2-yl-amino)-ethanol;

N’-(2-Methoxy-ethyl)-N®-methyl-N* N*-di-n-propyl- pyrimido[5,4-d]pyrimidine-2,4,6,8-
tetraamine;

N2-(2-Isopropoxy-ethyl)-N°-methyl-N* N®-di-#-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-
tetraamine;

N®-Methyl-N* N°-di-n-propyl-N*-(3,3,3-trifluoropropyl)-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-
tetraamine

N°-Methyl-N* N®-di-n-propyl-6-(morpholin-4-y))-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

N2-Methyl-N* N-di-n-propyl-6-(piperidin-1-yl)-pyrimido[ 5,4-d]pyrimidine-2,4,8-triamine;

NZ%-Methyl-N* N*-di-n-propyl-6-pyrrolidin-1-yl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N2-Methyl-N* N*-di-n-propyl-6-(4-methoxy-piperidin-1-y1)-pyrimido[ 5,4,-d]pyrimidine-
2,4.8-triamine;

N2-(3-Chloro-2-methyl-benzyl)-N®-methyl-N* N®-di-n-propyl-pyrimido[ 5,4-d Jpyrimidine-
2,4,6,8-tetraamine;

Nz-(?’,4-Dichlor0benzyl)-Nﬁ—methyl—N4,N8-di-n—propyl—pyrimido[5,4-d]pyrimidine-2,4,6,8-
tetraamine;

N’-(4-Fluorobenzyl)-N°-methyl-N*,N*-di-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-
tetraamine;

6-Chloro-N*,N®-dimethyl-N>-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;

N N? N* N®_Tetramethyl-N°-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;

N2 N-Diallyl-N* N®-dimethyl-N°-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-tetraamine;

2-[(4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2-yl)-methyl-amino]-
ethanol;

N2-(2-Isopropoxy-ethyl)-N* N®-dimethyl-N°®-n-propyl-pyrimido[ 5,4-d]pyrimidine-2,4,6,8-
tetraamine;

2-[N-(2-Dimethylamino-ethyl)-N-methyl]amino-N* N®-dimethyl-N®-n-propyl-pyrimido[5,4-
d]pyrimidine-4,6,8-triamine;
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2-[(4,8-Bis-methylamino-6-n-propylamino-pyrimido{5,4-d[pyrimidin-2-y1)-(2-hydroxy-
ethyl)-amino]-ethanol;
Nz,Nz—Bis-(2-methoxyethyl)—N4,N8-dimethyl—Nﬁ—n—propyl—pyrimido[5,4-d]pyrimidine-
2,4,6,8-tetraamine;
6-(4-Oxo-piperidin-1-y1)-N* N®-dimethyl-N* -n-propylamino-pyrimido-[5,4-d]pyrimidine-
2,4,8-triamine;
N3 -Trifluoromethyl-piperidin-1-y1)-N*,N®-dimethyl-6-n-propylamino-pyrimido-[5,4-
d}pyrimidine-2,4,8-triamine;
N?-6-n-Propylamino-N* N*-dimethyl-2-(1,1 ~-dioxo-thiomorpholin-4-yl)-pyrimido-[5,4-
d]pyrimidine-2,4,8-triamine;
N2-n-Propyl-N*,N*-dimethyl-6-(4,4-difluoro-piperidin-1-yl)-pyrimido[ 5,4-d]pyrimidine-
2.4,8-triamine;
N2,N4,N6,N8-Tetramethyl—pyrimido[5,4-d]pyri1nidine-2,4,6,8-tetraamine;
N2,NG—Diethy}—Nq,NS—dimethyl-p)nimido[5,4-d]pyrimidine-2,4,6,8—tetraamine;
N?,N°-Di-n-butyl-N* N®-dimethyl-pyrimido[ 5,4-d]pyrimidine-2.4,6,8-tetraamine;
Nz,Né—Bis-cyclopropylmethyl-N4,Ns-dimethyl-pyrimido[5,4—d]pyrimidine—2,4,6,8—tetraamine;
N2, N°-Diisobutyl-N* N:-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
NZNC-Diallyl-N*,N®-dimethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
2-Chloro-6-(N,N’-dimethyl-hydrazino)-N* N-dimethyl-pyrimido[5,4-dpyrimidine-4,8-
diamine;
6-(N,N’-Dimethyl-hydrazino)-N> ,N2,N4,N3-tetramethyl—pyrimido[S,4—d]pyrimidine—2,4,8—
triamine;
N4,N3-Dimethyl-6-propoxy—Nz-n-propyl—pyrimido[5,4-d]pyrimidine—2,4,8-triamine;
N4,N8-Dimethyl—N2—n—propyl-6-propylsulfanyl-pyrimido[5,4-d]pyrimidine—2,4,8-triamine;
6-Benzyloxy—N4,N8—dimethyl-Nz-n-propyl-pyrimid0[5,4-d]pyrimidine-2,4,8-triamine;
4,8-Bis-methylamino-6-n-propylamino-pyrimido[5,4-d]pyrimidin-2-ol;
4,8-Bis-methylamino-6-n#-propylamino-pyrimido[5,4-dJpyrimidine-2-carbonitrile;
N4,N8—Dimethyl—N2—n-propyl-6-(aminomethyl)-pyrimido[5,4~d]pyrimidine—2,4,8—triamine;
6—Carbamoyl-N4,N8—dimethyl-Nz-n—propyl-pyrimido[5,4-d]pyrimidine-2,4,8—triamine;
4,8-Bis-methylamino-6-n-propylamino-pyrimido(5,4-d]pyrimidine-2-carboxylic acid;
N-(n-Propyl)-[4,8-bis-methylamino-6-#-propylamino-pyrimido[ 5,4-d]pyrimidin-2-y1]-
amidine;

N4,N8-Dimethyl—Nz—n—propyl—é-(4-ﬂuoropheny1)-pyrimido[5,4-d]pyrimidine~2,4,8~triamine;
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Nz—Methyl-N4,N8-di—n-propyl-6-(4-ﬂu0rophenyl)—py1'imido[5,4—d]pyrimidine—2,4,8—triamine;
N* N*-Dimethyl-N>-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;
6-n-Butyl-N*-methyl-N*,N*-di-n-propyl-pyrimido[ 5,4-d|pyrimidine-2,4,8-triamine;
6-Meth0xy-N2-Methyl-N4,Ns-di—n—propyl-pyrimido[5,4-d]pyrimidine-2,4,8-triamine;
6-Methylamino-4,8-bis-n-propylamino-pyrimido[ 5,4-d]pyrimidine-2-carbonitrile;
NZ,N4,N6,Ng-Tetraethyl-pyrimido[5,4-d]pyrimidine—2,4,6,8—tetraamine
2,6—Dichloro-N4,Ng-diethyl-pyrimido[5,4-d]pyrimidine—4,8—diamine;
N* N®-Diethyl-N*, N°-Di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
N’,N°-Bis-cyclopropylmethyl-N* N*-diethyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
N2,Nﬁ-Diethyl-N4,N8-bis-cyclopropylmethyl-pyrimido[5,4—d]pyrim1'dine-2,4,6,8—tetraamine;
N2, N° N°_Triethyl-N* N®-bis-cyclopropylmethyl-pyrimido[ 5,4-dJpyrimidine-2,4,6,8-
tetraamine;
6—Chloro-Nz-ethyl-N4,N8-bis-cyclopropylmethyl—pyrimido[5,4-d]pyrimidine—2,4,8~triam1’ne;
N2,Nf’-Diethyl—N4,N8-di-n-propyl—pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
N2,N°-Dicyclopropyl-N* N*-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-tetraamine;
N?,N°-Bis-cyclopropylmethyl-N*N®-di-n-propyl-pyrimido[5,4-d]pyrimidine-2,4,6,8-
tetraamine;
NZ, N2 N® Ne-Tetramethyl-N*N®-di-n-propyl-pyrimido[5,4-d)pyrimidine-2,4,6,8-tetraamine;
N4,N8-Diallyl—NZ,Nﬁ-dimethyl-pyrimido[5,4—d]pyrimidine-2,4,6,8-tetraamir1e;
N2, N* N:-Triallyl-6-[4-(4-fluorobenzyl)-piperazin-1-yl]-pyrimido[5,4-d]pyrimidine-2,4,8-
triamine;
6—Ch]oro-N",N“,Ns—triallyl-pyrimido[5,4-d]pyrimidine-2,4,8-tn'amine;
N°,N* N°.Triallyl-6- {4-[bis-(4-fluorophenyl)-methyl]-piperazin-1-y1} -pyrimido[ 5,4-d]
pyrimidine-2,4,8-triamine;
Nz,Nz,Nﬁ-Triethyl-N4,NS-di-n-propyl-pyrimido[S,4—d]pyrimidine—2,4,6,8—tetraamine;
(4,8-Bis-methylamino-6-n-propylamine-pyrimido[ 5,4-d]pyrimidin-2-ylamino)-acetic acid
tert-butyl ester;
(4,8-Bis-methylamino-6-n-propylamino-pyrimido[ 5,4-d]pyrimidin-2-ylamino)-acetic acid;
N-n-Propyl-[2-(4,8-bis-methylamino-6-propylamino-pyrimido[5,4-d]pyrimidin-2-ylamino)]-
acetamide;
(6-Chloro-4,8-bis-methylamino-pyrimido[5,4-d]pyrimidin-2-ylamino)-acetic acid ethyl ester;

a salt thereof, and any combinations thereof.
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105.  The use of claim 91, wherein the salt is selected from the group
consisting of sulfate, hydrogen sulfate, chloride, bromide, iodide, nitrate, carbonate,
phosphate, hydrogen phosphate, dihydrogen phosphate, formate, acetate, propionate,
succinate, glycolate, gluconate, lactate, malate, tartrate, citrate, ascorbate, glucuronate,
maleate, fumarate, pyruvate, aspartate, glutamate, benzoate, anthranilate, 4-hydroxybenzoate,
phenylacetate, mandelate, pamoate, methanesulfonate, ethanesulfonate, benzenesulfonate,
pantothenate, trifluoromethanesulfonate, 2-hydroxyethanesulfonate, p-toluenesulfonate,
sulfanilate, cyclohexylaminosulfonate, stearate, alginate, 3-hydroxy-butyrate, salicylate,

galactarate, galacturonate, saccharin, saccharate, and glycerol-phosphonate.
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