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Abstract: Condensation adducts of the Ni(I) and Cu(II) complexes
of B-amino-meso-tetraphenylporphyrin with dimethyl acetylenedi-
carboxylate (DMAD) and diethyl ethoxymethylenemalonate were
converted into the corresponding esters of pyridinone-fused por-
phyrins by using three different cyclization protocols: conventional
heating, microwave irradiation, and Eaton’s reagent. High yields in
a short period of time were obtained by using the microwave-irradi-
ation protocol under closed-vessel conditions. The structure of the
copper(Il) complex of pyridinone-fused porphyrin was confirmed
by X-ray crystallography.
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The development of new transformation methods of por-
phyrins, particularly those which provide the introduction
of an additional heterocyclic fused ring and/or a function-
alized group in a peripheral position of the macrocycle, is
of great interest in order to access new porphyrinic sys-
tems.!?

B-Amino-substituted porphyrins have been widely used as
versatile starting materials for the synthesis of highly
functionalized porphyrins.® Recent examples include the
three-component reaction of [(-amino-meso-tetra-
phenylporphyrin, aromatic aldehydes and enol ethers,*
and the two-component reaction of f-amino-meso-tetra-
phenylporphyrin and enol ethers,’ both providing the syn-
thesis of pyrido[2,3-b]porphyrin derivatives. On the other
hand, the condensations of B-aminoporphyrin with a,-
unsaturated carbonyl compounds® and also with quino-
nes,’ afford a range of different n-extended heterocyclic
fused porphyrin derivatives.

Herein, we report the synthesis of two novel pyridinone-
fused porphyrins (1a and 2a; Figure 1) obtained from con-
densation of the nickel(Il) complex of B-amino-meso-
tetraphenylporphyrin with dimethyl acetylenedicarboxy-
late (DMAD) and diethyl ethoxymethylenemalonate, fol-
lowed by cyclization and subsequent ester hydrolysis.
Such porphyrins and their free bases can have promising
applications in photoelectronics, namely for being used as
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Figure 1 Structures of pyridinone-fused porphyrins 1 and 2

dyes for solar cells and in medicine as photosensitizers for
cancer therapy (PDT).%+8¢

Nitrogen-containing heterocycles, particularly 4-quino-
lone derivatives, are present in a large number of biologi-
cally active compounds such as ciprofloxacin and
levofloxacin, which has been described to exhibit potent
antimicrobial activity.’ In order to improve the quinolone
pharmacological activity, the molecular structure of the
parent compound has been extensively modified. For in-
stance, the synthesis of dyad systems containing both qui-
nolone and other pharmacologically active molecule has
been described as a good strategy to discover new
drugs.?!? Considering the medicinal applications already
known for porphyrins and for quinolones, one might an-
ticipate that a porphyrin—pyridinone fused system could
bring significant improvements to such applications. Sev-
eral methodologies to prepare 4-quinolone derivatives
have been reported;!! however, the classical and most
popular method employs the well-known Gould-Jacobs
reaction.'”> This reaction involves the condensation of
anilines with ethylenemalonate analogues followed by
thermal cyclization, at high temperatures, to give rise to
the desired quinolones. Owing to the increasing interest
on this family of compounds, important improvements to
promote the cyclization step have been reported. For in-
stance, the condensation adduct of 3-chloro-4-fluoro-
aniline with diethyl ethoxymethylenemalonate was
successfully cyclized using polyphosphoric acid or acidic
alumina, under microwave irradiation.!> Also, a mixture
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Scheme 1 Condensation—cyclization reaction of B-amino-meso-tetraphenylporphyrin with DMAD

of P,O5; and MeSO;H, known as Eaton’s reagent, allowed
the cyclization of a range of different anilines, producing
4-quinolones in high yields and under mild conditions.'*

Based on such methodologies, three different protocols
were employed to access pyridinone-fused porphyrins 1a
and 2a: (a) cyclization under conventional heating (oil
bath), (b) cyclization under microwave irradiation, and (c)
acidic cyclization using Eaton’s reagent.

The initial condensation of the nickel(II) complex of -
amino-meso-tetraphenylporphyrin with DMAD was per-
formed in toluene at 85 °C during 150 minutes, affording
the expected porphyrin 3 in good yield (78%,
Scheme 1).'>19 With porphyrin 3 in hand, the first attempt
to perform the cyclization was carried out by heating, in
an oil bath, a nitrobenzene solution of 3, at 200 °C. The
reaction progress was monitored by TLC and reached its
completion after 6 hours.!” The pyridinone-fused porphy-
rin 4a was then obtained in 74% of yield (entry 1,
Table 1).

Table 1 Results Obtained in Cyclization of Porphyrin 3

Entry Method Temp (°C) Time Yield (%)
1 oil bath 200 6h 74
28 MW open vessel 180 40 min 93
3b MW closed vessel 220 4 min 88
4 Eaton’s reagent 50 2h 84

2 Multimode reactor.
b Monomode reactor.

Although the 4-quinolones may exist in two tautomeric
forms (enol and keto forms),'® in the present case the
NMR analysis shows that porphyrin 4a exists exclusively
in the keto form.! In fact, the "H NMR spectrum showed
the presence of a broad singlet at 8 = 9.10 ppm corre-
sponding to the resonance of the NH proton which is in
agreement with the 3C NMR spectrum that showed a sig-
nal at 6 = 173.7 ppm corresponding to the resonance of the
ketone carbonyl group.

Aiming to improve the cyclization reaction outcome
(mainly by reducing the reaction time), we explored the
benefits of microwave irradiation. All microwave experi-
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ments were performed in nitrobenzene since it is a good
microwave absorbing solvent (tan & = 0.589).%° Two micro-
wave apparatus were available: multimode and mono-
mode reactors. Using open vessel microwave irradiation
in a multimode reactor, the cyclization was complete after
40 minutes at 180 °C, leading to the expecting porphyrin
4a in an excellent yield of 93%.%!* Switching the micro-
wave platform to a single-mode reactor using closed ves-
sel conditions and increasing reaction temperature to 220
°C, the complete cyclization took place in only 4 minutes
(88% yield of 4a).>'® Comparing the results obtained in
the microwave-enhanced cyclizations using the multi-
mode and monomode reactors, it is remarkable the signif-
icant reduction of reaction times achieved when the
monomode reactor is used (entries 2 and 3, Table 1).

When the reaction was performed with Eaton’s reagent
(P,O5 and MeSO;H) at moderate temperatures (50 °C, 2
h), instead of the expected porphyrin 4a, the reaction pro-
vides the metal-free cyclized porphyrin 4¢, in 84% yield
(entry 4, Table 1).2%2 This is due to the strong acidic char-
acter of the Eaton’s reagent.

The same experimental methodology using the three dif-
ferent protocols was applied to the synthesis of the pyri-
dinone-fused porphyrin 7a analogue (Scheme 2). The
starting porphyrin 5 was prepared in high yield (85%)
from the condensation of the nickel(Il) complex of -
amino-meso-tetraphenylporphyrin with diethyl ethoxy-
methylenemalonate, in refluxing toluene for 150 minutes.
Subsequent cyclization in nitrobenzene under classical
heating conditions (oil bath, 200 °C, 2 h), afforded the ex-
pected pyridinone-fused porphyrin 7a in 50% yield (entry
1, Table 2). Besides porphyrin 7a, a second product was
isolated and it was identified as porphyrin 8 (Figure 2);
this is presumably formed by hydrolysis and subsequent
decarboxylation of porphyrin 7a. We noticed that a longer
reaction time (6 h) leads to a dramatic decrease in the yield
of porphyrin 7a, promoting the formation of 8. In order to
avoid the hydrolysis and decarboxylation of 7a, the reac-
tion time was reduced to 1 hour; however, under these
conditions, the cyclization was not complete, and a 1:1
mixture of cyclized and uncyclized porphyrins 7a and 6 is
obtained.

Surprisingly, when such a reaction was conducted under
open vessel microwave heating conditions in a multimode
reactor at 180 °C, the cyclization did not reach completion
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Scheme 2 Condensation—cyclization reactions of f-amino-meso-tetraphenylporphyrin with diethyl ethoxymethylenemalonate

Table 2 Results Obtained in Cyclization of Porphyrin 5

Entry Method Temp (°C) Time Yield (%)
1 oil bath 200 2h 50
2? MW open vessel 180 1h 50
3P MW closed vessel 220 4 min 83

4 Eaton’s reagent 80 2-5h not obtained
2 Multimode reactor.
® Monomode reactor.
H
\
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Figure 2 Structure of pyridinone-fused porphyrin 8

even after 1 hour of continuous irradiation. Also in this
case, a mixture of uncyclized and cyclized porphyrins 6
and 7a is obtained. However, when the cyclization is per-
formed at higher temperatures (220 °C) in a monomode
reactor using closed-vessel conditions, the reaction is
complete in 4 minutes, providing the pyridinone-fused
porphyrin 7a in good yield (83%). Under these conditions,
the formation of the derivative 8 could be almost sup-
pressed. We also observed that extending the reaction
time for more than 6 minutes an immediate decrease in the
yield of porphyrin 7a in benefit of 8 was observed. Thus,
microwave cyclization under sealed-vessel conditions us-
ing a monomode reactor was found to be the method that
gives higher yields of porphyrin 7a (entries 2 and 3,
Table 2).

To our surprise all attempts using Eaton’s reagent as an al-
ternative method for cyclizing porphyrin 5 were unsuc-
cessful (entry 4, Table 2). In a series of experiments
performed at 50 °C during 2—7 hours, a mixture of metal-

free porphyrins 5 and 6 are the only isolated products; at
higher temperatures (80 °C, 2-5 hours) the metal-free por-
phyrin 8 is the isolated product.

We were pleased to observe that such condensation—
cyclization reactions can be successfully extended to the
corresponding Cu(II) porphyrin complexes. The behavior
of these complexes is similar to that observed with the
Ni(II) ones.

The molecular structure of the Cu(Il) complex of pyridi-
none-fused porphyrin 4¢ was determined by single-crystal
X-ray diffraction,* and is presented in Figure 3; it con-
firms the presence of an o,B-unsaturated carbonyl group.
Indeed, the carbonyl and a-carbon atoms are connected by
a C—C single bond of 1.464(12) 10\.0 The C=0 and CQu:CB
bonds have distances of 1.235(11) A and 1.347(10) A, re-
spectively, which are typical of double bonds. The Cu(II)
centre is bonded to four nitrogen donors of the porphyrin
macrocycle in a distorted square planar coordination envi-
ronment (see Figure 3, right) with Cu—N distances rang-
ing from 1.982(5) to 2.021(6) A. The N4 coordination
plane displays a slight tetrahedral distortion of = 0.056(3)
A. These distances compare well with those found for oth-
er related Cu(Il) porphyrin derivatives.? Furthermore, the
pyrrole rings are tilted relatively to each other with dihe-
dral angles between consecutive rings varying between
16.50(6) and 19.65(5)°. Comparable geometric arrange-
ments were found for other porphyrin metal complexes
containing fused groups such as in Ni(II) benzoporphyrin
derivatives.?

Finally, the methyl and ethyl esters of the pyridinone-
fused porphyrins 4a and 7a were hydrolyzed with NaOH
aqueous solutions to afford quantitatively the correspond-
ing carboxylic acid derivatives 1a and 2a (Figure 1).

In conclusion, we have established efficient synthetic
methodologies leading to novel porphyrin derivatives and
further studies on their properties are currently under in-
vestigation in our laboratories.
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Figure 3 Molecular structure of Cu(Il) complex of pyridinone-fused porphyrin 4c in two different views; top view showing the overall struc-
ture of the complex and a side view emphasizing the absence of planarity between the pyrrole rings. In this later view the phenyl rings have
been omitted for clarity.
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Condensation Reaction

To a solution of (B-amino-meso-tetraphenylporphyrinato)-
nickel(II) (50 mg, 0.073 mmol) in toluene (5 mL), DMAD
(0.02 mL, 0.15 mmol) was added, and the resulting mixture
was heated at 85 °C under argon atmosphere for 150 min.
The reaction mixture was cooled to r.t. and purified by flash
chromatography using a 1:2 mixture of hexane-CH,Cl, as
eluent. The first fraction to be collected was a small amount
of starting porphyrin, followed by porphyrin 3, which was
collected and crystallized from CHCl,-MeOH to give 47 mg
(78% yield) of red crystals.

Spectroscopic Data for [2-(2,3-Dimethoxycarbonyl-2-en-
1-y)amino-5,10,15,20-tetraphenylporphyrinato]nickel
I 3)

"H NMR (500.13 MHz, CDCl,): 6 = 3.57 (s, 3 H, 2’-OCH,),
3.66 (s, 3 H, 3-OCH,), 5.24 (s, 1 H, 3-H), 7.63-7.69 (m, 12
H, PhH,,./+ para)» 7.90-7.91 (m, 3 H, 3-H and PhH,,,,,), 7.96—
8.00 (m, 6 H, PhH,,,;,,), 8.57 (d, J =4.9 Hz, 1 H, B-H), 8.66
(d, J=4.9 Hz, 1 H, B-H), 8.69-8.71 (m, 4 H, $-H), 9.01 (s,
1 H, 1’-NH) ppm. '3C NMR (125.77 MHz, CDCl,): § = 51.1
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(2’-OCH;), 52.7 (3’-OCHj), 94.1 (C-3),117.3,117.7,118.8,
119.7, 120.5 (C-3), 126.81, 126.84, 126.90, 126.91, 127.5,
127.6,127.66, 127.74,127.8, 127.9, 128.12, 128.18, 131.71,
131.84,132.04, 132.08, 132.13, 132.17, 132.6, 132.7, 133.0,
133.41, 133.45, 133.54, 133.6, 133.7, 139.1, 140.6, 140.7,
142.0, 142.28, 142.33, 142.6, 142.8, 143.4, 143.5, 146.9,
165.0 (2’ -C=0), 168.4 (3’ -C=0) ppm. UV/vis (CHCL,):
Amax (log €) 422 (5.07), 537 (4.14), 567 (3.89) nm.
MS-FAB™": m/z = 828 [M + H], 827 [M]*. Anal. Calcd for
C5oH;5NsO,Ni: C, 72.48; H, 4.26; N, 8.45. Found: C, 72.66;
H, 4.06; N, 8.37.

Cyclization Reaction Using an Oil Bath

A solution of porphyrin 3 (29 mg, 0.035 mmol) in
nitrobenzene (1.5 mL) was heated at 200 °C under argon
atmosphere for 6 h. The reaction mixture was then purified
by flash chromatography [CH,Cl,, then CH,Cl,—acetone
(95:5)] to remove the nitrobenzene and the product
pyridinone-fused porphyrin 4a. Porphyrin 4a was further
crystallized from CH,Cl,—~MeOH to give the pure compound
(20 mg, 74% yield).

The 4-quinolones could exist in two different forms: enol
and keto forms, however, usually these compounds exist
primarily in the keto form. For more information, see:
Mphahlele, M. J.; El-Hahas, A. M. J. Mol. Struct. 2004, 688,
129.

Spectroscopic Data for (2-Methoxycarbonyl-6,11,16,21-
tetraphenyl-1H-pyrido-4-one[2,3-b]porphyrinato)-
nickel (4a)

'H NMR (300.13 MHz, CDCl,): § = 3.94 (s, 3 H, OCH,),
7.01(d,J=1.6Hz, 1 H, 3-H), 7.63-7.71 and 7.88-8.08 (2
m, 20 H, PhH), 8.51 (d, /= 5.0 Hz, 1 H, B-H), 8.59-8.70 (m,
5 H, B-H), 9.10 (br s, 1 H, 1-NH) ppm. '*C NMR (75.47
MHz, CDCly): 8 = 53.4 (OCH,), 114.9, 117.7 (C-3), 119.3,
120.1, 120.5, 126.6, 127.1, 127.5, 128.0, 128.3, 128.6,
129.3, 129.8, 131.2, 131.8, 132.3, 132.5, 132.7, 133.3,
133.65, 133.73, 133.83, 133.92, 137.9, 138.2, 140.04,
140.06, 142.29, 142.31, 142.49, 142.54, 142.7, 143.6, 146.1,
146.8, 162.8 (2 -C=0), 173.7 (4 -C=0) ppm. UV/vis
(CHCL,): Ay (log €) =433 (5.25), 546 (4.17) nm.
MS-FAB™*: m/z =796 [M + HJ*, 795 [M]*. HRMS-FAB:
m/z caled for C,oH; NsOsNi [M + HJ*: 796.1859; found:
796.1855. Anal. Calcd for CyoH;3,NsO;Ni-3/2H,0: C, 71.46;
N, 8.50; H, 4.16. Found: C, 71.66; N, 8.40; H, 3.61.
Kappe, C. O. Angew. Chem. Int. Ed. 2004, 43, 6250.
Cyclization Reaction

(a) Using a Multimode Reactor

A solution of porphyrin 3 (21 mg, 0.025 mmol) in
nitrobenzene (3.5 mL) under argon atmosphere was
irradiated at atmospheric pressure in a Milestone
MicroSynth microwave reactor (5 min ramp up to 180 °C
and 35 min hold at 180 °C, using 400 W maximum power).
The reaction mixture was then purified by flash
chromatography using a 1:2 mixture of hexane-CH,Cl, as
eluent to give porphyrin 4a (19 mg, 93% yield).

(b) Using a Monomode Reactor

A solution of porphyrin 3 (28 mg, 0.034 mmol) in
nitrobenzene (1.5 mL) was placed in a 10 mL reaction vial,
which was then sealed under argon atmosphere and placed in
the cavity of a CEM microwave reactor. The reaction vial

(22)

(23)

(24)

(25)

(26)

@n

was irradiated at 220 °C (1 min ramp to 220 °C and 3 min
hold at 220 °C, using 200 W maximum power). The reaction
mixture was then purified by flash chromatography using a
1:2 mixture of hexane—CH,Cl, as eluent to give porphyrin 4a
(24 mg, 88% yield).

Cyclization Reaction Using Eaton’s Reagent

A mixture of porphyrin 3 (50 mg, 0.060 mmol) and Eaton’s
reagent (0.4 mL) was heated at 50 °C for 150 min. The
reaction mixture was neutralized with an aq sat. soln of
Na,CO;. The aqueous layer was extracted three times with
CH,Cl,, and the organic layer was dried (anhyd Na,SO,) and
evaporated under vacuum to dryness. The resulting residue
was purified by flash chromatography using CHCl; as eluent
and crystallized from CH,Cl,—n-hexane to give porphyrin 4¢
(37 mg, 84% yield) as purple crystals.

Spectroscopic Data for 2-Methoxycarbonyl-6,11,16,21-
tetraphenyl-1H-pyrido-4-one[2,3-b]porphyrin (4¢)

'H NMR (300.13 MHz, CDCl,): § =-2.71 and -2.57 (2’5, 2
H, NH), 3.95 (s, 3 H, OCHj;), 7.09 (d, / = 1.4 Hz, 1 H, 3-H),
7.74-7.79, 7.98-8.11, and 8.19-8.34 (3 m, 20 H, PhH),
8.69-8.74 (m, 3 H, B-H), 8.83,8.87,and 9.01 3d,J=5.0
Hz, 3 H, B-H), 9.24 (br s, 1 H, 1-NH) ppm. UV/vis (CHCl,):
Amax (log €) =425 (5.16), 523 (4.28), 556 (3.76), 596 (3.76),
651 (3.44) nm. MS-FAB*: m/z = 740 [M + H]*, 839 [M]".
Anal. Calcd for Cs;H;oNsO,-EtOH: C, 77.94; N, 8.91; H,
5.00. Found: C, 77.62; N, 8.70; H, 5.41.

X-ray Single-Crystal Determination

The X-ray data of porphyrin 4c—Cu(II) complex was
collected on a CCD Bruker APEX II using graphite
monochromatized Mo Ka radiation (A = 0.71073 A) with the
crystal positioned at 35 mm from the CCD, and the spots
were measured using a counting time of 80 s. Data reduction
and empirical absorption were carried out using SAINT-NT
from Bruker aXS. The structure was solved by direct
methods and by subsequent difference Fourier syntheses and
refined by full matrix least squares on F? using the SHELX-
97 system programs.?” The CH,Cl, solvent molecule was
found disordered over three tetrahedral positions with
occupation factors of 0.333. In addition, the chlorine atoms
of one disorder component are also disordered occupying
two alternative positions with occupation factors of 0.166.
Anisotropic thermal parameters were used for all nonhy-
drogen atoms excluding the atoms of CH,Cl,, which were
refined with group isotropic temperature factors. The
hydrogen atoms of this molecule was not inserted in the
structure refinement while the hydrogen atoms of the copper
porphyrin derivative complex were included in refinement
in calculated positions with isotropic parameters equivalent
1.2 times those of the atom to which they are attached.
Crystal structure has been deposited with the Cambridge
Crystallographic Data Center and allocated with the deposit
number CCDC 710189.
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