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WHAT IS CLAIMED IS:

1 1. A method for synthesizing a substituted porphyrin having the formuld”
R? R1
R1 R1

2 @,

3 wherein R! is substituted or unsubstituted heterocycloallgl or substituted or

4 unsubstituted heteroaryl, said method comprising:

5 (i) contacting a pyrrole with an R'-substituted aldgliyde, wherein said

6  contacting is performed in a solvent system comprising a posiffve azeotrope;

7 (ii) allowing said pyrrole to react with said ' -substituted aldehyde in said

8  solvent system under azeotropic distillation conditions, thereby forming a substituted-

9  porphyrinogen; and '

10 (iii) oxidizing said substituted~po yrinogen, thereby synthesizing a

11 substituted porphyrin having formula (I).

1 2. The method of claip 1, wherein said contacting is performed using

2 about one equivalent pyrrole and abouy/one equivalent R'-substituted aldehyde.

1 3. The methog/of claim 1, wherein R! is substituted or unsubstituted

2 heteroaryl.

1 4, Thg/method of claim 3, wherein R! is substituted or unsubstituted
2 imidazolyl, substituted/4r unsubstituted pyrazolyl, substituted or unsubstituted thiazolyl, or
3 substituted or unsubAtituted triazolyl.

The method of claim 4, whercin R! is substituted imidazolyl.

The method of claim 5, wherein R! is:

S
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7. The method of claim 1, wherein R! is substituted or unsubstituted
heteroaryl.

8. The method of claim 7, wherein R' is substituted or unsubstitutgd
pyridinyl, substituted or unsubstituted pyrazinyl, substituted or unsubstituted pyrinddinyl, or
substituted or unsubstituted pyridazinyl.

9. The method of claim 1, wherein said solvent system/omprises a first

solvent and an acid.

10. The method of claim 9, wherein said first sgfvent is chlorobenzene, -

xylene, or toluene.
11.  The method of claim 10, wherein sgid first solvent is toluene,
12. The method of claim 9, whereid said acid is a carboxylic acid.

13. The method of claim 12, ywherein said carboxylic acid is acetic acid,

formic acid, propionic acid, valeric acid or byfyric acid.

14.  The method of clagfm 13, wherein said carboxylic acid is propionic

acid.

15.  The methgd of claim 1, wherein said positive azeotrope comprises

watcr and tolucne.

16.  THe method of claim 1, wherein said substituted porphyrin has a yield
of from about 6% to Fboout 35%.

The method of claim 1, wherein said substituted porphyrin has a yield
of from abou¥8% to about 35%.

18.  The mcthod of claim 1, wherein said substituted porphyrin has a yicld
of frofn about 10% to about 35%.

19.  The method of claim 18, wherein said substituted porphyrin has a yield
of at least about 10%.
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1 20.  The method of claim 18, wherein said substituted porphyrin has a yield
2 of at least about 15%.

1 21.  The method of claim 18, wherein said substituted porphyrin has # yield
2 of at least about 20%.

| 22.  The method of claim 18, wherein said substituted porphyfin has a yield
2 of at least about 25%.

1 23.  The method of claim 18, wherein said substituted porphyrin has a yield
2 of at least about 30%.

1 24.  The method of claim 1, wherein said reagting is performed at a

2 temperature from about 40 °C to about 150 °C.

| 25.  The method of claim 24, whereiy/said reacting is performed at a
2 temperature of about 140 °C.

1 26.  The method of claim 1, yherein said oxidizing is performed by

2 exposure to air or by using an oxidant.

1 27.  The method of cldim 26, wherein said oxidant is 2,3-dichloro-5,6-

2 dicyano-1,4-benzoquinone.

1 28.  The methtd of claim 1, wherein said oxidizing is performed in a low

2 oxygen environment.

1 29. e method of claim 28, wherein said oxidizing is performed in the

2 absence of an exogedous oxidant.
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1 30.  The method of claim 1, wherein the compound of formula (I) has the
2 formula:

G

—/
N\

Q\/N '\{\)
3 \\ (1a).
1 31.  The method of claim 1, wherein said metifod further comprises

2 contacting the compound of formula (I) or formula (Ia) with A metal salt.

1 32. The method of claim 31, whereiny/Said metal salt is a transition metal
2 salt.

l 33.  The method of claim 32, #vherein said metal salt is a manganese salt.

A method for synthg§izing a compound of formula

said method comprising:

contacting with an ethylating agent a compound having the formula
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(Ta),

thereby synthesizing a compound of formula (II).

35.  The method of claim 34, further comprising a gounterion selected from
the group consisting of a halogen anion, SCN', HSOy4', SO47, HoP@,", HPO,?, PO,>, NOy,

PF5—, or BF4_.

36.  The method of claim 34, wherein sgfd method further comprises:
(i) contacting about one equivalent of a pfyrrole with about one equivalent of
1-ethyl-1H-imidazole-2-carbaldehyde, wherein said ontacting is performed in a solvent
comprising a positive azeotrope;
(ii) allowing said pyrrole to reagt with said 1-ethyl-1H-imidazole-2-
carbaldehyde, in said solvent under azeotrgpic distillation conditions, thereby forming a
substituted-porphyrinogen; and
(iii) oxidizing said subStituted-porphyrinogen, thereby synthesizing a

substituted porphyrin having formyila (Ia).

37.  The mgthod of claim 34, wherein said ethylating agent is alkyl-

halogen.
he method of claim 37, wherein said alkyl-halogen is iodoethane.

The method of claim 37, wherein said contacting is performed at a
about 100 °C.

temperature

40.  The method of claim 34, wherein said ethylating agent is a Meerwein

41.  The method of claim 40, wherein said Meerwein salt is

triethyloxonium tetrafluoroborate or triethyloxonium hexafluorophosphate.
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42.  The method of claim 41, wherein said contacting is performed at a

temperature from about 50 °C to about 100 °C.

43.  The method of claim 42, wherein said contacting is performed ath

temperature of about 80 °C.

44,  The method of claim 42, wherein said contacting is perfofmed in

dimethylformamide.

45.  The method of claim 34, wherein said method further comprises

precipitation of the compound having formula (IT) with a precipitatipg agent.

46.  The method of claim 45, wherein said prgcipitating agent is an

ammonium salt.

47.  The method of claim 34, whereir/said method further includes

contacting the compound of formula (IT) with a mety salt.

48. The method of claim 47, Avherein said metal salt 1s a transition metal

salt.

49.  The method of c]dim 48, wherein said metal salt is a manganese salt.

50. A method fof synthesizing a hydrate compound having the formula
R?

am,

R1 R?

R R1
(i) contacting a compound of formula (I) with over about 2

equivalents of a Mn(I11) salt in a solvent, thereby forming a reaction mixture;

116



WO 2015/077627 PCT/US2014/066923

7 (ii) heating said reaction mixture thereby synthesizing a compound of formula
(11I); and
9 (iii) hydrating said compound of formula (III) thercby forming a hydratc o
10 compound (III).

3 substituted or unsubstituted triazolyl.
1 52.  The method of claim 51, wherein R' is substituted imidazolyl.

1 53. The method of claim 52, wherein R'is:

1 54.  The method of claim 50, wHerein R! is substituted or unsubstituted

2 heteroaryl.

1 55.  The method of claigh 54, wherein R' is substituted or unsubstituted
2 pyridinyl, substituted or unsubstituted gyrazinyl, substituted or unsubstituted pyrimidinyl, or
3 substituted or unsubstituted pyridaziiyl.

1 56. The method of claim 50, wherein n is 3.

57.  The¢/method of claim 50, wherein said compound of formula (1) is

2 contacted with about 2£0 about 10 equivalents of Mn(III) salt.

58 The method of claim 57, wherein said compound of formula (I) is
2 contacted with/dbout 2 to about 5 equivalents of Mn(III) salt.

1 59.  The method of claim 58, wherein said compound of formula (I) is

2 contactéd with about 2 to about 3 equivalents of Mn(III) salt.

60. The method of claim 50, wherein said solvent is acetonitrile.
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61.  The method of claim 60, wherein said reaction mixture is heated to a

temperature of about 15 °C to about 70 °C.

62. The method of claim 50, wherein said method further comprise

filtering said reaction mixture.

63.  The method of claim 50, wherein said method further cgmprises

allowing said reaction mixture to cool to a temperature of about 10 °C to ajfout 30 °C.

64.  The method of claim 50, wherein said hydrating/comprises contacting
compound of formula (IIT) with a gas having a relative humidity figm about 30% to about
70%.

65.  The method of claim 64, wherein sail compound of formula (I1I) is

dried after contacting with said gas.

66.  The method of claim 50, whérein said method further comprises
contacting said reaction mixture with an anion-gxchanging agent and allowing said mixture to

react with said anion-exchanging agent.

67.  The method of syhthesis of claim 50, wherein the compound has the

formula:

T 0w

68.  The method of claim 67, further comprising a counterion selected from
the gfoup consisting of a halogen anion, SCN, HSO,,, SO 2, H,PO,*, HPO,?, PO, NO5,
6-) or BF4_.

69.  The method of claim 68, wherein n is 3.
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70. A container comprising a plurality compounds, wherein said plurality

of compounds have the formula:

N
A — A

71.  The container of claim 70, wherein at legét 60% of said plurality of

compounds have formula (VI).

72.  The container of claim 70, whergin at least 90% of said plurality of

compounds have formula (VI).

73.  The container of claim 70, wherein at least 95% of said plurality of

compounds have formula (VI).

74.  The container of glaim 70, further comprising a counterion selected
from the group consisting of a haloggh anion, SCN", HSO4", SO42, H,PO,", HPO4 2, PO,

NO3-, PF5_, or BF4_.

75.  The cofitainer of any one of claims 70 to 74, wherein said plurality of

compounds is in water thgfeby forming a pharmaceutical formulation.

76.
at a pH of from ab6ut 3.5 to about 7.0.

The container of claim 75, wherein said pharmaceutical formulation is

77.  The container of claim 75 or 76, wherein said pharmaceutical

formulatiof consists essentially of water and the compound of claim 70.

78.  The container of claim 75 or 76, wherein said pharmaceutical

forinulation consists of water, the compound of claim 70, and pH adjustment ions.

119




WO 2015/077627 PCT/US2014/066923

79.  The container of claim 75 or 76, wherein the pharmaceutical

formulation does not comprise a buffer.

80.  The container of claim 75 or 76, wherein the pharmaceutical

formulation does not comprise a pharmaceutical excipient.

81. A pharmaceutical formulation comprising water and a ¢

having the formula:

82.  The pharmaceutical formdlation of claim 81, wherein the formulation

comprises less than 10% Mn(II).

83.  The pharmaceutigl formulation of claim 81, wherein the formulation

comprises less than 5% Mun(ll).

84.  The pharplaceutical formulation of claim 81, wherein the formulation

comprises less than 1% Mn(

85.  THe pharmaceutical formulation of claim 81 at a pH of from about 3.5
to about 7.0.

The pharmaceutical formulation of claim 81 or 85 consisting

essentially ofAvater and said compound.

87.  The pharmaceutical formulation of claim 81 or 85 consisting of water,

pound, and pH adjustment ions.

88.  The pharmaceutical formulation of claim 81 or 85, wherein the

pharmaceutical formulation does not comprise a buffer.
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89.  The pharmaceutical formulation of claim 81 or 85, wherein the

pharmaceutical formulation does not comprise a pharmaceutical excipient.

90. A method for purifying a compound of formula:
R! R

R! R?
(D,

said method comprising:

(i) combining a compound of formula (I) and a purjfication solvent in a
reaction vessel thereby forming a purification mixture, wherein gaid compound is insoluble in
said purification solvent;

(i1) heating said purification mixture;

(1i1) cooling said purification mixture; apgd

(iv) filtering said purification mixturg’thereby purifying a compound of
formula (I).

91.  The method of claim 90, wherein said purification solvent is 2-

butanone, 1,4-dioxane, acetonitrile, ethyl Acetate or cyclohexanone.

92.  The method of/claim 91, wherein said purification solvent is 2-

butanone.

93.  The mgthod of claim 90, wherein said purification mixturc is heated to
about 80 °C.

94. he method of claim 90 or 93, wherein said purification mixture is

heated for about 1 Hour.

95.  The method of claim 90, wherein said purification mixture is cooled to
about 0 °C

96.  The method of claim 90 or 95, wherein said purification mixture is

coofed for about 2 hours.
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97.  The method of claim 90, wherein said filtering comprises washing the

filter cake comprising said compound with a washing solvent.

98.  The method of claim 97, wherein said washing solvent compris

butanone or tert-butyl methyl ether.

99. A method for purifying a compound having the formula;
R? R?

Rt R1

@,

wherein, said method comprises:

(i) dissolving a compound of formula (I) in gpurifying solvent in a reaction
vessel to form a purifying mixture;

(ii) heating said purifying mixture;

(iii) cooling said purifying mixture;/And

(iv) drying said purifying mixtuy€ thereby purifying a compound of formula (I).

100. The method of clayn 99, wherein said purifying solvent is

dimethylformamide.

101.  The methgd of claim 99, wherein said purifying mixture is heated to

about 150 °C.

102.  Thé method of claim 101, wherein said purifying mixture is heated for

about 1 hour.

The method of claim 99, wherein said purifying mixture is cooled to
about 25 °C.

104. The method of claim 99, wherein said purifying mixture is filtered

following cooling.

105.  The method of claim 104, wherein said filtering comprises washing the

filter cake comprising said compound of formula (I) with dimethylformamide.
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106. A crystal comprising a compound having the formula:

diffraction spectrum, said x-ray powder diffraction spegtfrum comprising angle 26 peaks at

about 6.9+ 0.2, 8.2+ 0.2,9.5£ 0.2, 11.4+ 0.2, 12.84 ()2, 14.5£ 0.2, 15.0£ 0.2, 16.1£ 0.2,

16.3+ 0.2, 18.1+£ 0.2, 20.3+ 0.2, 23.5+ 0.2, 24.8+ §.2, 25.6:+ 0.2, 26.5+ 0.2, and 29.2+ 0.2,
wherein said an x-ray powder ¢fffraction spectrum is obtained using a Cu Ko

radiation source (1.54 A).

109. The crystalline
spectrum further comprises angle 28 peaks at about 13.8+ 0.2, 17.4+ 0.2, 19.0= 0.2, 19.4+
0.2,20.7£0.2,21.1£ 0.2, 21.5£ 0.2, 22.0+ 0.2, 22.5+ 0.2, 22.8+ 0.2, 26.9+ 0.2, 27.6£ 0.2,
28.5+0.2, 30.2+ 0.2, 30.5 2, 31.2+ 0.2, 37.3+£ 0.2, 38.5+ 0.2, and 41.1+ 0.2.

rm of 108, wherein said x-ray powder diffraction

wherein said an x-ray powder diffraction spectrum is obtained using a Cu Ka

radiagion source (1.54 A).
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111. The crystalline form of claim 110, wherein said x-ray powder
diffraction spectrum further comprises d spacings at about, 7.57, 6.44, 5.10, 4.67, 4.58, 4.2
4.2,4.13,4.05,3.96,3.89, 3.31, 3.22, 3.13, 2.96, 2.93, 2.86, 2.41, 2.34, and 2.19.

112. A crystalline form of [5,10,15,20-tetrakis(1,3-diethylimidazofium-2-
yDporphyrinato]manganese(I1I) chloride hydrate complex characterized by an x,fay powder
diffraction spectrum, said x-ray powder diffraction spectrum comprising ang}é 20 peaks at
about 26.2+ 0.2, 22.9+£ 0.2, 20.0+ 0.2, 18.6+ 0.2, 15.2£ 0.2, 13.7+ 0.2, 1351 0.2, 13.0: 0.2,
12.4+0.2,11.4+0.2,10.6+£ 0.2, 8.9+ 0.2, 6.8+ 0.2, and 6.0+ 0.2,

wherein said an x-ray powder diffraction spectrum ig/obtained using a Cu Ka

radiation source (1.54 A).

113.  The crystalline form of 112, wherein 4aid x-ray powder diffraction
spectrum further comprises angle 26 peaks at about 29.44 0.2, 28.5+ 0.2, 27.5+ 0.2, 27.0+
0.2,25.7£0.2,25.2+0.2,23.7+ 0.2, 17.8+ 0.2, 17.1£0.2, 14.6+ 0.2, 10.9+ 0.2, 9.9+ 0.2, and
8.2+ 0.2.

114. A crystalline form of [%,10,15,20-tetrakis(1,3-diethylimidazolium-2-
yl)porphyrinato]manganese(III) chloride hydrate complex characterized by an x-ray powder
diffraction spectrum, said x-ray powdep/diffraction spectrum comprising d spacings at about
14.74,12.93,9.99, 8.34, 7.74, 7.14, 8.80, 6.55, 6.45, 5.83, 4.78, 4.43, 3.89, and 3.40,

wherein said an xfay powder diffraction spectrum is obtained using a Cu Ka

radiation source (1.54 A).

115. Thg crystalline form of claim 114, wherein said x-ray powder
diffraction spectrum fifrther comprises d spacings at about 10.82, 8.90, 8.10, 6.05, 5.19, 4.98,
3.75,3.54, 3.47, 3.30, 3.24, 3.13, and 3.04.

16. A crystalline form of [5,10,15,20-tetrakis(1,3-diethylimidazolium-2-
yl)porphyrifato]lmanganese(III) chloride hydrate complex characterized by an x-ray powder
diffractign spectrum, said x-ray powder diffraction spectrum comprising angle 20 peaks at
abouy27.7+ 0.2, 26.6= 0.2, 19.9£ 0.2, 15.4+ 0.2, 14.7£ 0.2, 11.6+ 0.2, 10.1£ 0.2, 8.6+ 0.2,

6.9+ 0.2,
wherein said an x-ray powder diffraction spectrum is obtained using a Cu Ko

radiation source (1.54 A).
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117.  The crystalline form of 116, wherein said x-ray powder diffraction
spectrum further comprises angle 26 peaks at about 29.6+ 0.2, 25.7+ 0.2, 23.4+ 0.2, 20.4+
0.2, and 13.7+ 0.2.

118. A crystalline form of [5,10,15,20-tetrakis(1,3-diethylimidazofium-2-
yl)porphyrinato]manganese(IlI) chloride hydrate complex characterized by an x,fay powder
diffraction spectrum, said x-ray powder diffraction spectrum comprising d spdcings at about
12.89, 10.27, 8.79, 7.60, 6.04, 5.74, 4.45, 3.35, and 3.22,

wherein said an x-ray powder diffraction spectrum is oltained using a Cu Ko,

radiation source (1.54 A).

119. The crystalline form of claim 118, whergin said x-ray powder

diffraction spectrum further comprises d spacings at about ¢/45, 4.35, 3.80, 3.46, and 3.02.

120. A crystalline form of [5,10,15,20%tctrakis(1,3-dicthylimidazolium-2-
yl)porphyrinato]manganese(IIl) chloride hydrate cofiplex characterized by an x-ray powder
diffraction spectrum, said x-ray powder diffractigh spectrum comprising angle 20 peaks at
about 29.5+ 0.2, 27.3+ 0.2, 26.3+£ 0.2, 24.7+ 002, 23.5+ 0.2, 22.5+ 0.2, 21.6+ 0.2, 20.5+ 0.2,
19.3+0.2,17.7£ 0.2, 13.1£ 0.2, 10.8+ 0.2/9.9+ 0.2, 8.5+ 0.2, and 6.0:: 0.2,

wherein said an x-ray pgwder diffraction spectrum is obtained using a Cu Ka.

radiation source (1.54 A).

121.  The crystalline form of 120, wherein said x-ray powder diffraction
spectrum further comprises Angle 26 peaks at about 32.6+ 0.2, 19.8+ 0.2, 18.6+ 0.2, and
14.8+0.2. |

122,/ A crystalline form of [5,10,15,20-tetrakis(1,3-diethylimidazolium-2-
yD)porphyrinato rfhanganese(I1I) chloride hydrate complex characterized by an x-ray powder
diffraction spéctrum, said x-ray powder diffraction spectrum comprising angle 20 peaks at
about 23.54 0.2, 9.1+ 0.2, 6.9+ 0.2, and 5.8+ 0.2,

wherein said an x-ray powder diffraction spectrum is obtained using a Cu Ka

radjtion source (1.54 A).
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123.  The crystalline form of 122, wherein said x-ray powder diffraction
spectrum further comprises angle 26 peaks at about 27.5+ 0.2, 24.6+ 0.2, 18.2+ 0.2, 13.9+
0.2, 13.0+£ 0.2, 11.7+ 0.2, and 7.9+ 0.2.

124. A crystalline form of [5,10,15,20-tetrakis(1,3-diethylimidazo{um-2-
yl)porphyrinato]manganese(III) chloride hydrate complex characterized by an x-#ay powder
diffraction spectrum, said x-ray powder diffraction spectrum comprising d spaCings at about
15.12,12.74,9.75, and 3.78,

wherein said an x-ray powder diffraction spectrum is obtained using a Cu Ko

radiation source (1.54 A).

125.  The crystalline form of claim 124, whergin said x-ray powder
diffraction spectrum further comprises d spacings at about 14.14, 7.55, 6.81, 6.36, 4.87, 3.62,
and 3.24.

126. A crystalline form of [5,10,15/20-tetrakis(1,3-diethylimidazolium-2-
yl)porphyrinato]manganese(I1l) chloride hydrate£omplex characterized by an x-ray powder
diffraction spectrum, said x-ray powder diffrgétion spectrum comprising angle 20 peaks at
about 27.7+ 0.2, 23.6+ 0.2, 23.1+ 0.2, 20.7£ 0.2, 6.9+ 0.2, and 5.8+ 0.2,

wherein said an x-ray pofvder diffraction spectrum is obtained using a Cu Ka

radiation source (1.54 A).

127.  The crysfalline form of 126, wherein said x-ray powder diffraction
spectrum further comprises Zngle 26 peaks at about 29.2+ 0.2, 28.9+ 0.2, 27.1+ 0.2, 26.5+
0.2,26.2+0.2,24.8+£ 0.2/22.4+ 0.2, 22.2+ 0.2,21.5£ 0.2, 20.3£ 0.2, 18.1+ 0.2, 17.3£ 0.2,
16.3£0.2,14.9£ 0.2, 3.8+ 0.2, 11.5£ 0.2, and 9.2+ 0.2.

128. A crystalline form of [5,10,15,20-tetrakis(1,3-diethylimidazolium-2-
yl)porphyringto]manganese(I11) chloride hydrate complex characterized by an x-ray powder
diffraction/spectrum, said x-ray powder diffraction spectrum comprising angle 28 peaks at
about 7.7+ 0.2,20.7+ 0.2, 13.8+ 0.2, 11.4+ 0.2, 9.5+ 0.2, 8.2+ 0.2, and 6.9+ 0.2,

wherein said an x-ray powder diffraction spectrum is obtained using a Cu Ko

diation source (1.54 A).
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129. The crystalline form of 128, wherein said x-ray powder diffraction
spectrum further comprises angle 20 peaks at about 23.5+ 0.2, 22.8+ 0.2, 16.3£ 0.2, and 35+
0.2.

130. A crystalline form of [5,10,15,20-tetrakis(1,3-diethylimidagOlium-2-

12.84,10.83,9.26, 7.77, 6.43, 4.29, and 3.22,
wherein said an x-ray powder diffraction spectrum is gbtained using a Cu Ka

radiation source (1.54 A).

131.  The crystalline form of claim 130, whefein said x-ray powder

diffraction spectrum further comprises d spacings at abouy15.07, 12.84, 10.83, 9.26, 7.77,
6.43,5.42,4.29, 3.89, 3.79, and 3.22.




Claims:

1. A method for synthesizing a substituted porphyrin having the formula:

R! R'

i o,

wherein R' is substituted or unsubstituted heterocycloalkyl or substituted or
unsubstituted heteroaryl, said method comprising:

(1) contacting a pyrrole with an R'-substituted aldehyde, wherein said
contacting is performed in a solvent system comprising a positive azeotrope;

(ii) allowing said pyrrole to react with said R'-substituted aldehyde in said
solvent system under azeotropic distillation conditions, thereby forming a substituted-
porphyrinogen; and

(1ii) oxidizing said substituted-porphyrinogen, thereby synthesizing a
substituted porphyrin having formula (I).

2. The method of claim 1, wherein said contacting is performed using

about one equivalent pyrrole and about one equivalent R'-substituted aldehyde.

3. The method of claim 1, wherein R' is substituted or unsubstituted

heteroaryl.

4. The method of claim 3, wherein R! is substituted or unsubstituted
imidazolyl, substituted or unsubstituted pyrazolyl, substituted or unsubstituted thiazolyl, or
substituted or unsubstituted triazolyl.

5. The method of claim 4, wherein R’ is substituted imidazolyl.

6. The method of claim 5, wherein R' is:

S
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7. The method of claim 1, wherein R' is substituted or unsubstituted

heteroaryl.

8. The method of claim 7, wherein R' is substituted or unsubstituted
pyridinyl, substituted or unsubstituted pyrazinyl, substituted or unsubstituted pyrimidinyl, or
substituted or unsubstituted pyridazinyl.

9. The method of claim 1, wherein said solvent system comprises a first

solvent and an acid.

10.  The method of claim 9, wherein said first solvent is chlorobenzene, m-

xylene, or toluene.
11. The method of claim 10, wherein said first solvent is toluene.
12.  The method of claim 9, wherein said acid is a carboxylic acid.

13.  The method of claim 12, wherein said carboxylic acid is acetic acid,

formic acid, propionic acid, valeric acid or butyric acid.

14.  The method of claim 13, wherein said carboxylic acid is propionic

acid.

15. The method of claim 1, wherein said positive azeotrope comprises

water and toluene.

16.  The method of claim 1, wherein said substituted porphyrin has a yield
of from about 6% to about 35%.

17.  The method of claim 1, wherein said substituted porphyrin has a yield
of from about 8% to about 35%.

18.  The method of claim 1, wherein said substituted porphyrin has a yield
of from about 10% to about 35%.

19.  The method of claim 18, wherein said substituted porphyrin has a yield
of at least about 10%.
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20.  The method of claim 18, wherein said substituted porphyrin has a yield
of at least about 15%.

21.  Themethod of claim 18, wherein said substituted porphyrin has a yield
of at least about 20%.

22.  Themethod of claim 18, wherein said substituted porphyrin has a yield
of at least about 25%.

23.  The method of claim 18, wherein said substituted porphyrin has a yield
of at least about 30%.

24.  The method of claim 1, wherein said reacting is performed at a

temperature from about 40 °C to about 150 °C.

25.  The method of claim 24, wherein said reacting is performed at a

temperature of about 140 °C.

26.  The method of claim 1, wherein said oxidizing is performed by

exposure to air or by using an oxidant.

27. The method of claim 26, wherein said oxidant is 2,3-dichloro-5,6-

dicyano-1,4-benzoquinone.

28.  The method of claim 1, wherein said oxidizing is performed in a low

oxygen environment.

29.  The method of claim 28, wherein said oxidizing is performed in the

absence of an exogenous oxidant.
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30.  The method of claim 1, wherein the compound of formula (I) has the

(\IN LN N

formula:

N =N
7
—
N N

\\ (Ia).

31.  The method of claim 1, wherein said method further comprises

contacting the compound of formula (I) or formula (Ia) with a metal salt.

32. The method of claim 31, wherein said metal salt is a transition metal

salt.
33.  The method of claim 32, wherein said metal salt is a manganese salt.

34. A method for synthesizing a compound of formula

RS

N N*
_ L
™ .

N N

T 0w

said method comprising:

contacting with an ethylating agent a compound having the formula
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j (Ja),

thereby synthesizing a compound of formula (II).

35.  The method of claim 34, further comprising a counterion selected from
the group consisting of a halogen anion, SCN", HSOy", SO4%, H,PO, ™, HPO,2, PO4>, NOy,
PFs-, or BF4'.

36.  The method of claim 34, wherein said method further comprises:

(i) contacting about one equivalent of a pyrrole with about one equivalent of
1-ethyl-1H-imidazole-2-carbaldehyde, wherein said contacting is performed in a solvent
comprising a positive azeotrope;

(i1) allowing said pyrrole to react with said 1-ethyl-1H-imidazole-2-
carbaldehyde, in said solvent under azeotropic distillation conditions, thereby forming a
substituted-porphyrinogen; and

(iii) oxidizing said substituted-porphyrinogen, thereby synthesizing a
substituted porphyrin having formula (Ia).

37.  The method of claim 34, wherein said ethylating agent is alkyl-
halogen.

38.  The method of claim 37, wherein said alkyl-halogen is iodoethane.

39.  The method of claim 37, wherein said contacting is performed at a

temperature of about 100 °C.

40.  The method of claim 34, wherein said ethylating agent is a Meerwein

salt.

41.  The method of claim 40, wherein said Meerwein salt is

triethyloxonium tetrafluoroborate or triethyloxonium hexafluorophosphate.
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42.  The method of claim 41, wherein said contacting is performed at a

temperature from about 50 °C to about 100 °C.

43,  The method of claim 42, wherein said contacting is performed at a

temperature of about 80 °C.

44, The method of claim 42, wherein said contacting is performed in

dimethylformamide.

45.  The method of claim 34, wherein said method further comprises

precipitation of the compound having formula (II) with a precipitating agent.

46.  The method of claim 45, wherein said precipitating agent is an

ammonium salt.

47. The method of claim 34, wherein said method further includes

contacting the compound of formula (II} with a metal salt.

48. The method of claim 47, wherein said metal salt is a transition metal

salt.
49.  The method of claim 48, wherein said metal salt is a manganese salt.

50. A method for synthesizing a hydrate compound having the formula

)
R am,
wherein R' is substituted or unsubstituted heterocycloalkyl or substituted or

unsubstituted heteroaryl; and n is 2 or 3, said method comprising:

R? R

R1

1
(i) contacting a compound of formula R (I) with over about 2

equivalents of a Mn(III) salt in a solvent, thereby forming a reaction mixture;
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(i1) heating said reaction mixture thereby synthesizing a compound of formula
(I11); and

(iii) hydrating said compound of formula (III} thereby forming a hydrate of
compound (III).

51.  The method of claim 50, wherein R' is substituted or unsubstituted
imidazolyl, substituted or unsubstituted pyrazolyl, substituted or unsubstituted thiazolyl, or
substituted or unsubstituted triazolyl.

52.  The method of claim 51, wherein R' is substituted imidazolyl.

53. The method of claim 52, wherein R is:

o
i,
J
54.  The method of claim 50, wherein R is substituted or unsubstituted

heteroaryl.

55. The method of claim 54, wherein R’ is substituted or unsubstituted
pyridinyl, substituted or unsubstituted pyrazinyl, substituted or unsubstituted pyrimidinyl, or
substituted or unsubstituted pyridazinyl.

56.  The method of claim 50, wherein n is 3.

57.  The method of claim 50, wherein said compound of formula (I) is

contacted with about 2 to about 10 equivalents of Mn(III) salt.

58.  The method of claim 57, wherein said compound of formula (1) is

contacted with about 2 to about 5 equivalents of Mn(III) salt.

59.  The method of claim 58, wherein said compound of formula (I) is

contacted with about 2 to about 3 equivalents of Mn(I1I}) salt.

60. The method of claim 50, wherein said solvent is acetonitrile.
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61. The method of claim 60, wherein said reaction mixture is heated to a

temperature of about 15 °C to about 70 °C.

62.  The method of claim 50, wherein said method further comprises

filtering said reaction mixture.

63.  The method of claim 50, wherein said method further comprises

allowing said reaction mixture to cool to a temperature of about 10 °C to about 30 °C.

64.  The method of claim 50, wherein said hydrating comprises contacting
compound of formula (III) with a gas having a relative humidity from about 30% to about
70%.

65.  The method of claim 64, wherein said compound of formula (III) is

dried after contacting with said gas.

66.  The method of claim 50, wherein said method further comprises
contacting said reaction mixture with an anion-exchanging agent and allowing said mixture to

react with said anion-exchanging agent.

67.  The method of synthesis of claim 50, wherein the compound has the

formula;

P "
- ~
N N
N N

T 0w

68.  The method of claim 67, further comprising a counterion selected from
the group consisting of a halogen anion, SCN", HSOy4', SO4Z, H,PO4", HPO,?, PO, >, NO;5,
PFa', or BF4'.

69. The method of claim 68, wherein n is 3.
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70. A method for purifying a compound of formula:

R! R
R R!
D,
said method comprising:

(i) combining a compound of formula (I) and a purification solvent in a
reaction vessel thereby forming a purification mixture, wherein said compound is insoluble in
said purification solvent;

(i1) heating said purification mixture;

(ii1) cooling said purification mixture; and

(iv) filtering said purification mixture thereby purifying a compound of

formula (I).

71.  The method of claim 70, wherein said purification solvent is 2-

butanone, 1,4-dioxane, acetonitrile, ethyl acetate or cyclohexanone.

72.  The method of claim 71, wherein said purification solvent is 2-

butanone.

73.  The method of claim 70, wherein said purification mixture is heated to
about 80 °C.

74.  The method of claim 70 or 73, wherein said purification mixture is

heated for about 1 hour.

75.  The method of claim 70, wherein said purification mixture is cooled to
about 0 °C.

76.  The method of claim 70 or 75, wherein said purification mixture is

cooled for about 2 hours.

77.  The method of claim 70, wherein said filtering comprises washing the

filter cake comprising said compound with a washing solvent.
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78.  The method of claim 77, wherein said washing solvent comprises 2-

butanone or tert-butyl methyl ether.

79. A method for purifying a compound having the formula:

R! R!

R1 R1
@,

wherein, said method comprises:

(i) dissolving a compound of formula (I) in a purifying solvent in a reaction
vessel to form a purifying mixture;

(ii) heating said purifying mixture;

(111) cooling said purifying mixture; and

(iv) drying said purifying mixture thereby purifying a compound of formula (I).

80.  The method of claim 79, wherein said purifying solvent is

dimethylformamide.

81.  The method of claim 79, wherein said purifying mixture is heated to
about 150 °C.

82. The method of claim 81, wherein said purifying mixture is heated for

about 1 hour.

83.  The method of claim 79, wherein said purifying mixture is cooled to
about 25 °C.

84.  The method of claim 79, wherein said purifying mixture is filtered

following cooling.

85.  The method of claim 84, wherein said filtering comprises washing the

filter cake comprising said compound of formula (I) with dimethylformamide.
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