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a b s t r a c t

New porphyrin indolin-2-one conjugates were synthesized via palladium-catalyzed amination reactions
of iodinated and dibrominated indolin-2-one derivatives with (2-amino-5,10,15,20-tetraphenylpor
phyrinato)nickel(II). The combination of palladium catalysts and the phosphine ligand dicyclohex-
ylphosphino-20 ,40,60-triisopropylbiphenyl (XPhos) is an effective methodology for catalyzing the coupling
of 5-iodo-, 5,7-dibromo- and 4,6-dibromo-1,3,3-trimethylindolin-2-one with 2-aminoporphyrin to give
the corresponding mono-(2-aminoporphyrinyl)- and di-(2-aminoporphyrinyl)-substituted indolin-2-
ones in satisfactory yields under mild conditions. The mono brominated porphyrinic derivatives also
underwent cross-coupling reactions under similar catalytic conditions. The studies also demonstrated
that the course of the coupling process depends on factors, such as the catalytic system, number and
position of the halogen substituents and the heating condition. Insights into the reactivity trends of the
5-iodo; 4,6- and 5,7-dibrominated indolin-2-one derivatives was carried out using theoretical calcula-
tions performed using density-functional theory with the B3LYP functional.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

The chemical and physical properties displayed by porphyrins
render them appealing compounds for several applications. Su-
pramolecular chemistry, biomimetic models for photosynthesis,
catalysis, and medicinal applications, namely as photosensitizers in
the photodynamic therapy (PDT) of tumours, are some of these
significant examples.1 As a result, several research groups have
focused on the synthesis and chemical transformation of porphy-
rins into derivatives with new and well-defined substitution pat-
terns that may turn them into possible candidates for several
applications. Among the available synthetic tools for porphyrin
functionalization,2 the modification of a porphyrin macrocycle us-
ing the BuchwaldeHartwig palladium-catalyzed amination has
emerged as a powerful approach for the formation of carbon-
enitrogen bonds.3

The indolin-2-one, or oxindole moiety, is the basic nucleus of
several natural and synthetic products with wide biological
x: þ351 234 370 084; e-mail

All rights reserved.
activity.4 Indolin-2-ones are endogenous compounds found in
mammalian body fluids and tissues, ubiquitously distributed in the
central nervous system (for example, isatin is found in brain cells
and other tissues in humans), that have shown an extensive range
of biological effects, including antibacterial, antifungal, anticon-
vulsant, antiviral, anticancer and antiproliferative activities.5

The copper(II) complexes of indolin-2-one derived ligands 1
(Fig. 1) were also reviewed as potential antitumoral agents, based
on the proposal of a synergic effect with the already demonstrated
capability of such ligands to influence the angiogenesis and apo-
ptosis processes.6

Sunitinib (Sutent�) 2 is an oral indolin-2-one multitargeted ki-
nase inhibitor that is employed in the treatment of gastrointestinal
stromal tumours (GISTs), renal cell carcinomas (RCCs) and pan-
creatic net. Because of its effectiveness, the activity of this drug is
currently being evaluated in non-small cell lung, prostate, breast
cancer and others.7

The molecule MI-219 3 blocks the MDM2ep53 interaction and
reactivates the p53 gene. This compound is undergoing preclinical
development and is already being considered in clinical trials.8

Recently, a series of sixteen ferrocenyl indolin-2-ones with E or Z
configurations, compounds of types 4 and 5, have been synthesized
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Fig. 1. Structures of indolin-2-one analogues 1e5 with biological activity.
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Scheme 1. Synthesis of porphyrin indolin-2-one conjugates 9aeg.
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and evaluated for inhibiting migration of breast tumour cells;
promising results have been put forward.9 The biological effect of
ferrocenyl indolin-2-ones has also been studied by Spencer et al.,10

those compounds have demonstrated to be potent inhibitors of the
protein vascular endothelial growth factor (VEGFR) and platelet-
derived growth factor receptor (PDGFR) kinases.

In this context, the synthesis of molecules with dual functions is
considered a good strategy for the discovery of new drugs. Those
molecules can be achieved by coupling entities containing well-
established pharmacological activities. Therefore, a work target
has been the study of the formation of carbonenitrogen bonds
between porphyrins and indolin-2-ones to obtain novel molecular
frameworks with possible applications in medicinal therapeutics.

2. Results and discussion

The synthetic strategy toprepare thenewporphyrin indolin-2-one
conjugates 9aeg was based on BuchwaldeHartwig palladium-
catalyzed amination reactions involving the iodinated and
dibrominated indolin-2-one derivatives 8aec and (2-amino-
5,10,15,20-tetraphenylporphyrinato)nickel(II) 611 [Ni(II)e2-NH2eTPP]
(Scheme 1).

The presence of amide functions and halide substituents in the
starting indolin-2-one molecules 7aec12 can give rise to self cou-
pled products under the BuchwaldeHartwig palladium-catalyzed
amination reactions. Therefore it is necessary to carry out a de-
rivatization of such reagents. In fact, in the presence of Pd(OAc)2
and rac-BINAP or XPhos (Fig. 2), and KOtBu as base, no coupling
product of 7awith porphyrin 6was obtained, the porphyrin 6 being
totally recovered. In such way the trimethyl derivatives 8aec were
obtained by methylation of indolin-2-ones 7aec with methyl io-
dide in DMSO in the presence of KOH13 (Scheme 1); the obtained
compounds were characterized by 1H NMR (with the signals cor-
responding to the proton resonances of the gem-dimethyl and N-
methyl groups in the region of w1.5 and w3.5 ppm, respectively)
and HRMS analysis.

Using the rac-BINAP catalytic system and similar reaction con-
ditions, we performed the coupling of Ni(II)e2-NH2eTPP 6 with 5-
iodo-1,3,3-trimethylindolin-2-one14 8a (2 equiv) (Table 1, entry 1).
The reaction was ended 24 h later, and after workup, two major
compounds were isolated by preparative TLC. The HRMS spectrum
of the porphyrinic derivative with lower Rf showed a peak at m/z
858.2611 corresponding to the Mþ� ion15 of the expected 5-(2-
aminoporphyrinyl)-indolin-2-one 9a (15% yield) (vide infra). The
by-product, obtained in 29% yield, showed a peak atm/z 761.2 in its
MS spectrum and the 1H NMR spectrum indicated that a phenyl
group has been attached to the porphyrin core. The structure of (2-
phenylamino-5,10,15,20-tetraphenylporphyrinato)nickel(II) (10,
Scheme 1) was confirmed by comparison with an authentic sam-
ple.3f The possible formation of this compound can be justified
through the transfer of a phenyl group from the phosphine ligand,
rac-BINAP, to the metal centre followed by an eliminative reduction



Table 1
Catalyst, ligand, base and heating condition effects on palladium-catalyzed amination reaction of 5-iodo-1,3,3-trimethylindolin-2-one 8a with Ni(II)e2-NH2eTPP 6a

Entry Catalyst; ligand Base Heating 9a Yield % 10 Yield % Recovered 6 %

1 Pd(OAc)2; rac-BINAP KOtBu Classical 15 29 d

2 Pd(OAc)2; XPhos KOtBu Classical 35b/53c d 34
3 Pd(OAc)2; XPhos Cs2CO3 Classical 19b/23c d 16
4 Pd(OAc)2; XPhos KOtBu MW 32b/64c d 50
5d Pd(OAc)2; XPhos KOtBu Classical 38b d 75
6 Pd(OAc)2; DTPB KOtBu Classical 22b/26c d 16
7 Pd(OAc)2; DTPB KOtBu MW 5b/9c d 42
8 Pd(OAc)2; DCPB KOtBu Classical 13b/18c d 28
9 (PPh3)4Pd; XPhos KOtBu Classical 81 d d

a The reactions were carried out at 100e110 �C in dry toluene for 24 h (classical heating) or 30 min (microwave irradiation), under N2, with 1 equiv of Ni(II)e2-NH2eTPP 6,
2 equiv of indolin-2-one 8a, 0.29 equiv of Pd catalyst and 0.26 equiv of ligand in the presence of 2.1 equiv of base.

b Direct yield.
c Yield based on recovered Ni(II)e2-NH2eTPP 6.
d The reaction was performed using 5 equiv of Ni(II)e2-NH2eTPP 6 and 1 equiv of indolin-2-one 8a.
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step in the catalytic cycle. The mechanisms involving this un-
desirable PeC bond cleavage of transition metalephosphine com-
plexes have been reviewed.16

To circumvent this exchange reaction, we selected the biphenyl
ligand XPhos, (Fig. 2), to perform the coupling between 6 and 8a in
presence of different bases (Table 1, entries 2 and 3). A better yield
of the desired product 9a was obtained in the presence of KOtBu
when compared with the one obtained with Cs2CO3 (35% vs 19%).
Additional experiments under microwave irradiation17 revealed
that similar yields can be achieved in shorter reaction times
(30 min vs 24 h) accompanied by a reduction of porphyrin 6 de-
composition (Table 1, entry 4). A slight improvement in the yield of
9a was observed by changing the ratio of porphyrin/indolin-2-one
for 5:1 (Table 1, entry 5). No substantial improvement in the yield
was observed when the used ligand was DTPB, (Fig. 2), under
classical or MW heating conditions (Table 1, entries 6 and 7). The
other phosphine ligand also tested, the DCPB, (Fig. 2), gave a low
Table 2
Compounds 6/8b,c ratio, catalyst, ligand and heating condition effects on palladium-catalyzed amination reaction of indolin-2-one 8b,c with Ni(II)e2-NH2eTPP 6a

Entry Catalyst; ligand 6/8b Ratio Heating 9b Yield % 9c Yield % 9a Yield % Recovered 6 %

N
O

Br

8b

Br

1 Pd(OAc)2; XPhos 1:2 Classical 26 9 d 13
2 Pd(OAc)2; XPhos 1:2 MW 41 8 d 41
3 Pd(OAc)2; XPhos 1.5:1 Classical 28 13 d 45
4 Pd(OAc)2; XPhos 1.5:1 MW 38 14 d 28
5 Pd(OAc)2; XPhos 3:1 Classicalb 14 5 d 72
6 Pd(OAc)2; DTPB 1.5:1 Classicalc d 11 18 31
7 Pd(OAc)2; DTPB 2:1 Classicalc d 14 35 18
8 (PPh3)4Pd; XPhos 2:1 Classicalc d 18 53 31

Entry Catalyst; ligand 6/8c Ratio Heating 9d Yield % 9e Yield % 9f Yield % Recovered 6 %

N
O

8c

Br

Br
9 Pd(OAc)2; XPhos 1:2 Classical 44 15 d 13
10 Pd(OAc)2; XPhos 1:2 MW 63 14 d 2
11 Pd(OAc)2; DTPB 1:2 Classical 64 d d d

12 Pd(OAc)2; DTPB 2:1 Classical 33 d 7 27
13 (PPh3)4Pd; XPhos 1:2 Classical 23 22 d d

14 (PPh3)4Pd; DTPB 2:1 Classical d 11 d 54

a The reactions were carried out at 100e110 �C in dry toluene for 24 h (classical heating) or 30 min (microwave irradiation), under N2, using 0.29 equiv of Pd catalyst and
0.26 equiv of XPhos/DTPB in the presence of 2.1 equiv of KOtBu.

b In this reaction two products with lower Rf were isolated in traces amounts. According to the MS spectra, the structures correspond to the bromo derivative with
a porphyrinic moiety at the 5-position of indolin-2-one core 8b (m/z 935.9), and to a debrominated porphyrinic compound (m/z 858.0).

c In this reaction the debrominated product was identified as 9a by detailed NMR analysis and TLC comparison.
yield of the required product (Table 1, entry 8). Finally when tet-
rakis(triphenylphosphine)palladium(0) was used in an attempt to
improve the outcome of the reaction, we were able to isolate 9a in
81% yield (Table 1, entry 9). It is worth to refer that the reaction of 6
with 8a under milder Ullmann-type conditions18 using 5 mol % CuI
as catalyst, ethylene glycol as ligand, K3PO4 as base and 1,4-dioxane
as solvent, did not lead to the formation of the expected 5-(2-
aminoporphyrinyl)-indolin-2-one 9a, and the unreacted porphy-
rin 6 was recovered.

Based on the results obtained for product 9a, similar studieswith
5,7- and 4,6-dibromo-indolin-2-ones 8b and 8c were performed.
When the palladium-catalyzed amination reaction of 5,7-dibromo-
1,3,3-trimethylindolin-2-one 8b with Ni(II)e2-NH2eTPP 6 was
carried out using a ratio 1:2 of porphyrin/indolin-2-one in presence
of XPhos and KOtBu (Table 2, entry 1), two products were isolated.
The detailed 2DNMR andmass spectrometry analysis indicated that
the compound with higher Rf is the mono-coupled product 7-(2-
aminoporphyrinyl)-5-bromo-indolin-2-one 9b (26% yield) while
the other one is the bis-coupled product 9c (9% yield). Interestingly,
even by using an excess of indolin-2-one 8b, which should result in
the linkage of the porphyrinmoiety at the 50 or 70-position of 8b, we
isolated the compound 9c bearing two porphyrin units.
Knowing that microwave irradiation could play an important
role in the progress of the reaction as evidenced earlier, the coupling
of 8bwith 6was performed using such heating conditions (Table 2,
entry 2). The yield of 9b was improved from 26% to 41%, but no
improvement came to 9c. As in the reactionwith 8a, it was observed
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that Ni(II)e2-NH2eTPP 6 underwent less decomposition. Hoping to
obtain the two possible mono-(2-aminoporphyrinyl)- and the di-
(2-aminoporphyrinyl)-substituted indolin-2-ones, the ratio of por-
phyrin/indolin-2-one was changed to 1.5:1 (Table 2, entry 3). It is
worth mentioning that such coupling reaction did not give rise to
the expected 5-(2-aminoporphyrinyl)-7-bromo-indolin-2-one, and
9b and 9cwere isolated again (in 28% and 13% yields, respectively).
Slight improvement in the yield of 9b was observed under micro-
wave irradiation using the same reaction conditions (Table 2, entry
4). Aiming to have a higher yield of the bis-product, the 5,7-di-(2-
aminoporphyrinyl)-substituted indolin-2-one 9c, the reaction of
Table 3
Compounds 6/9b,d ratio and heating condition effects on palladium-catalyzed amination reaction of bromo-indolin-2-one derivatives 9b,d with Ni(II)e2-NH2eTPP 6a

Entry 6/9b Ratio Heating Product yield % Recovered 6 % Recovered 9b %

9c

N

Ph HN

Ni

N
O

9b

Br
5'

1 1.5:1 Classical 42 43 d

2 1.5:1 MW 10 59 51

Entry 6/9d Ratio Heating Product yield % Recovered 6 % Recovered 9d %

9e 9f

N

Ph HN

Ni
9d

N

Br

O

4'

3 2:1 Classical 37 10 53 29

a The reactions were carried out at 100e110 �C in dry toluene for 24 h (classical heating) or 30 min (microwave irradiation), under N2, using 0.29 equiv of Pd(OAc)2 and
0.26 equiv of XPhos in the presence of 2.1 equiv of KOtBu.
8b with 3 molar equiv of 6 (Table 2, entry 5) was carried out.
However, no improvement in the outcome of the reaction was ob-
served: together with 9b and 9c, obtained in 14% and 5% yields,
respectively, two products with lower Rf were isolated in traces
amounts. According to the MS spectra, the structures correspond to
the bromo-derivativewith a porphyrinic moiety at the 5-position of
indolin-2-one core 8b (m/z 935.9), and to a debrominated por-
phyrinic compound (m/z 858.0). All these results indicate that the
70-position, although being more hindered, is more reactive as
compared to the 50-position and this fact supports the higher yield
formation of 9b under these conditions.When we changed the li-
gand fromXPhos to DTPB and carried out the reactionwith the ratio
of 1.5:1 (porphyrin/indolin-2-one), we observed the formation of
compounds 9c and 9a in 11 and 18% yields, respectively. Similar
results were obtained when the ratio was changed to 2:1 (Table 2,
entries 6 and 7). Even when the catalyst was changed to tetrakis(-
triphenylphosphine)palladium(0) by maintaining the ratio of 2:1
(porphyrin/indolin-2-one) no significant improvement in the yield
of compounds 9c (18%) was observed. Under these conditions the
debrominated compound 9a was isolated as the main product 53%
(Table 2, entry 8). Probably under conditions of entries 6e8 in Table
2, the debromination of position 7 in 8b is an important pathway
affording the coupled product 9a (see theoretical considerations).

It is worthwhile to mention that even on changing the ligand or
the catalyst no coupled product having porphyrin moiety at the 5-
position of the 5,7-dibromo-indolin-2-one 8b has been isolated, but
instead the debrominated product has been the one obtained. This
indicates that the palladium oxidative addition occurs and the
intermediateundergoesdebromination to afford the coupledproduct
9a (also observed inminor amountswhenXPhoswas used as ligand).

Afterwards, the reaction of 9bwith 1.5 molar equiv of porphyrin
6 under identical conditions, gave 9c in 42% yield (Table 3, entry 1).
The unreacted Ni(II)e2-NH2eTPP 6 was recovered (43%) but no 9b
was detected. The same experiment under microwave irradiation
(Table 3, entry 2) gave rise to 9c (10% yield) together with the
unreacted porphyrin 6 (59%) and 9b (51%). This last experiment
shows that the microwave assisted heating condition does not
promote the 5,7-di-(2-aminoporphyrinyl)-substituted indolin-2-
one 9c formation.
Considering the reaction of Ni(II)e2-NH2eTPP 6 with 4,6-
dibromo substituted indolin-2-one 8c in a ratio of 1:2 (Table 2,
entry 9) it was observed that not only themono-coupled product 6-
(2-aminoporphyrinyl)-4-bromo-indolin-2-one 9dwas formed (44%
yield), but also another product identified as being the debromi-
nated 6-(2-aminoporphyrinyl)-indolin-2-one 9ewas obtained (15%
yield). In this coupling reaction, the use of microwave irradiation
(Table 2, entry 10) led to a significant improvement in the yield of
9d (63% vs 44%) while 9e was isolated in a similar yield as the one
obtained under classical heating conditions.

Using DTPB and carrying out the reaction under similar condi-
tions (ratio of porphyrin to indolin-2-one; 1:2) as used earlier, there
is the selective formation of 9d in 64% yield (Table 2, entry 11) and
no debrominated product 9ewas observed. On changing the ratio of
porphyrin to indolin-2-one (2:1) we observed the formation of
product 9d (33%) and another one 9f (7%); the formation of this
latter product implies the entry of porphyrin moiety at the C-40 of
the indolin-2-one nucleus (Table 2, entry 12). Also in this case the
use of tetrakis(triphenylphosphine)palladium(0) as catalyst gave
rise to the formation of products 9d and 9e in 23 and 22% yields,
respectively (Table 2, entry 13). Another reaction utilizing tetra-
kis(triphenylphosphine)palladium(0) as the catalyst and DTPB as
the ligand led to the formation of product 9e only (Table 2, entry 14).

Aiming to improve theyield on theporphyrin dyad formation the
reaction of the 6-(2-aminoporphyrinyl)-4-bromo-indolin-2-one 9d
with 2 molar equiv of Ni(II)e2-NH2eTPP 6, (Table 3, entry 3) has
been carried out. Effectively, together with the debrominated 9e
(obtained in 37%yield) and theunreactedporphyrin6 (53%), aminor
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product (10% yield) showing intermediate Rf between the unreacted
9d (29%) and the 9e derivative was identified as being the expected
4,6-di-(2-aminoporphyrinyl)-substituted indolin-2-one 9f.

This last experiment confirms that the palladium-catalyzed
debromination competes directly with the attachment of the sec-
ond porphyrin unit in the 4,6-dibromo-indolin-2-one 8c. These
competitive processes are not uncommon and are being described
as side reactions as well as synthetic procedures to afford dehalo-
genated products.19

Thinking on the potential use of these compounds in PDTand on
the fact that the free bases are capable to generate singlet oxygen,
we carried out the decomplexation of one of the new products. In
such way compound 9a, when treated with 10% H2SO4 in chloro-
form, gave rise to the formation of compound 9 g in quantitative
yield (Fig. S68 UVevis spectrum in SI).

2.1. Theoretical considerations

In order to gain insights into the reactivity trends of the 4,6- and
5,7-dibrominated indolin-2-one derivatives (8c and 8b, re-
spectively) towards the amination reactions with Ni(II)e2-
NH2eTPP, theoretical calculations were performed using density-
functional theory with the B3LYP functional using Gaussian 03.20

Because of the bulkiness of the porphyrin substituted systems,
the Ni(II)e2-NHeTPP substituent was replaced by simple eNH2

fragments, thus allowing for higher level calculations to be per-
formed, while eliminating conformational dependencies of the
Fig. 3. Depiction of the lowest energy unoccupied molecular orbitals (LUMO, shown at the 0.01, 0.05 and 0.1 au isolevels) of the 5,7- and 4,6-disubstituted indolin-2-ones 8b, 8c, 9b
and 9d (top and bottom rows, respectively), calculated at the B3LYP/6-311G** level; atomic numbering shown for further reference; C, H, N and O depicted in grey, white, blue and
red sticks, respectively; Br atoms shown as green spheres.
calculated quantities, which would arise due to the high number of
degrees-of-freedom found in the full systems. All calculations were
performed in the gas-phase, thus neglecting solvent and catalytic
system effects on the reaction mechanism. The following discus-
sion focuses essentially on the Pd(OAc)2 catalyzed reactions, since
these are predominant, hence allowing for trends to be estimated.
A similar analysis would be possible for the remaining reactions,
although that falls beyond the scope of this paper. The lowest-
unoccupied molecular orbital (LUMO) of 8b and 8c, along with
the corresponding aminated models, calculated at the B3LYP/6-
311G** level over the optimized geometries at the same level are
shown in Fig. 3. In 8b, and focussing on the halogenated carbon
sites, the LUMO is predominantly localized on carbon 7, suggesting
that the palladium-catalyzed amination may preferentially occur at
that carbon centre since the overlap between the LUMO of 8b and
the HOMO (highest occupied molecular orbital) of the catalyst will
be maximized at that site. This result strongly justifies the prefer-
ential mono-amination of carbon 7, leading to the formation of
compound 9b (see Table 2, entries 1e5). Once amination takes
place at that position, an activation of carbon 5 is observed as the
LUMO density becomes higher at that position, thus favouring the
formation of the diaminated compound 9c (see Fig. 4 for the cor-
responding lowest energy structure). If the first amination were to
take place at carbon 5 rather than at carbon 7, an enhancement on
the reactivity of position 7 would be observed. However, primary
amination at carbon 5 is unlikely to take place as the overlap be-
tween the LUMO and HOMO is smaller at that position than that at
position 7. An interesting feature of 8b (which does not occur in 8c)
concerns the phase of the LUMO at both halogenated sites, which is
the same in the same side of the ring plane. This suggests that if the
catalyst interacts with the indolin-2-one derivative perpendicularly
to the molecular plane (which is most likely due to stereochemical
hindrance), then the catalyst can easily shift its position towards
carbon 7 as to maximize orbital overlap. Hence, aminationwill only
occur at position 5 once position 7 has been aminated.
Looking into the 4,6-dibrominated compound 8c (Fig. 3), carbon
6 is expected to be the most reactive halogenated site, as the LUMO
is preferentially localized on that carbon. Once amination takes
place (leading to 9d), an increase on the locality of the LUMO on
position 4 is observed, similarly to what happens in 8b upon ami-
nation of position 7. Interestingly, the converse is not verified, i.e.,
primary amination of position 4 does not lead to an increase in the
localization of the LUMO in position 6, as it happens analogously in



Fig. 4. Lowest energy conformations encountered for the NHeNiTPP disubstituted
compounds 9c and 9f (left and right, respectively) in the gas-phase, optimized at the
scc-dftb level using the DFTBþ code. In both cases, the planar porphyrinic fragments
are tilted relatively to the indolin-2-one core due to the stereochemical hindrance from
the meso-phenyl rings. Hydrogens from the NHeNiTPP fragments were omitted for
sake of clarity; colour code as in Fig. 3 (Ni shown as orange spheres).
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8b. Hence, amination with Ni(II) porphyrin 6 will preferentially
take place at position 6, leading to the formation of 9d, as it has
been found experimentally (secondary amination of position 4 was
not significantly observed). The stereochemical hindrance at posi-
tion 4 due to the two neighbouring methyl groups will probably
come into play at this stage, as it may render more difficult the
access of the porphyrin 6 to the catalytic centre, thus leading to the
debromination of position 4 rather than the formation of the dia-
minated product. Also, the amination of position 6 leads to major
changes in the LUMO, namely in the shape and relative disposition
of the nodal surface. This suggests that the secondary amination is
only possible if the shape of the LUMO is maintained after the first
amination. In fact, the LUMO in 8b and 8c are very similar at the
beginning (apart from the halogens); upon amination at sites 7 and
6, respectively (leading to 9b and 9d, respectively), only the LUMO
of 9b maintains its essential form, hence rendering the second
amination possible. This orbital shape preconditioning will proba-
bly be a requirement of the catalyst, whose HOMO may not oth-
erwise efficiently overlap the LUMO of 9d (this hypothesis was not
evaluated). If such is the case, and along with the possible stereo-
chemical hindrance from both methyl groups in position 3, the
debromination of position 4 in 9dmay be favoured, thus leading to
the formation of compound 9e.

The localization of the LUMO also seems to play an important
role in the reactivity of the mono-iodinated compound 8a (Fig. 5).
In this case, the lowest energy unoccupied orbital is negligibly
centred on carbon 5, leading to low reactivities of that site towards
amination, as it has also been found experimentally (Table 1; en-
tries 1e8). Nevertheless, attention must be payed to the nature and
Fig. 5. Depiction of the LUMO of compound 8a (details as in Fig. 3; iodine atom shown
as purple sphere).
size of the catalytic system, which will largely influence the out-
come of the reactions. For instance, in entry 9 from Table 1 (reaction
of 8a with (PPh3)4Pd; XPhos), the shape of the HOMO of the cata-
lytic system may allow for bigger overlaps, thus increasing the re-
action yield (hypothesis not evaluated), whereas in entry 8 from
Table 2 (similar reaction with 8b), the bulkiness of the catalyst
system may render it more difficult to access the reaction site due
to stereochemical hindrance from the nearby N-methyl group.
2.2. Characterization of new compounds

The 1H NMR spectrum of compound 9a was in agreement with
the proposed structure showing a singlet for six protons at 1.34 ppm
due to the C-30 gem-dimethyl group of the indolin-2-one nucleus,
and another singlet at 3.20 ppm for the N-methyl group. A singlet
was also observed for theporphyrinb-NHprotonat 6.21 ppm,which
was identified by H/D exchange with D2O. The resonances of the
aromatic protons of the indolin-2-one ring were assigned as a mul-
tiplet at 6.70e6.71 ppm for H-60 and H-70 and a doublet at 7.11 ppm
(J 1.6 Hz) for H-40. The proton resonances of the porphyrin moiety
were observed as multiplets in the region 7.60e7.79 ppm for those
at themeta and para positions, and at 7.93e8.00 ppm for the ones at
ortho positions of the meso-phenyl groups. The signal for the reso-
nance of the H-3 of the porphyrin moiety was observed as a singlet
at 8.06 ppm, while in the region between 8.54 and 8.69 ppm are
found the signals (one doublet with J 4.9 Hz and a multiplet) cor-
responding to the resonances of the remaining b-pyrrolic protons.
The structure of 9a was further confirmed by 2D COSY, HSQC and
HMBC experiments, which showed the correlation of the NH proton
signal with the signals of carbon C-3 of the porphyrinic ring
(109.3 ppm) and C-40 (112.7 ppm) and C-60 (116.6 ppm) of the
indolin-2-one (see the main HMBC correlations in Fig. 6).

The HRMS spectrum of 9b showed a peak at m/z 936.1710 cor-
responding to the Mþ� ion and the 1H NMR data presented the
resonances due to the porphyrin unit with a similar pattern to the
one described for compound 9a. The resonances of the two aro-
matic protons of the indolin-2-one moiety appearing as two dou-
blets (H-40 at 7.12 ppm and H-60 at 7.24 ppm) with a J 1.9 Hz,
indicating the meta substituted position relatively to each other.
The linkage position was determined by 2D NMR studies including
HMBC wherein the signal of the NH proton attached to the por-
phyrin (a singlet at 5.72 ppm) as well as those of the two aromatic
protons H-40 and H-60 correlate with that of the quaternary carbon
C-70a (136.0 ppm). The proton signal of the N-methyl group of the
indolin-2-one moiety (3.19 ppm) also show correlation with the
same quaternary carbon confirming that the 2-aminoporphyrin
ring is attached to the C-70- and not to the C-50 (see the main
HMBC correlations in Fig. 6). The HRMS spectrum of 9c exhibits the
peak at m/z 1541.4226 corresponding to the insertion of two 2-
aminoporphyrin units into the indolin-2-one core. The 1H NMR
spectrum shows two singlets at 5.78 and 6.17 ppm that do not
present any correlation with proton or carbon signals in the COSY
and HSQC spectra. As a result, these two signals correspond to the
resonance of the NH proton attached to each porphyrinic unit.
While the signal at 5.78 ppm correlates, in the HMBC (see Fig. 6),
with the carbon signal at 110.8 ppm, the singlet at 6.17 ppm cor-
relates with the same carbon and the one appearing at 109.2 ppm.
The correlations found in the HSQC spectrum and the multiplicity
(doublet) and respective coupling constant (J 2.1 Hz) of the corre-
sponding proton signals at 7.00 and 6.54 ppm allowed us to assign
them to the resonances of H-60 and H-40, respectively. Therefore,
the singlet at 5.78 ppm corresponds to the resonance of NH proton
of the 2-aminoporphyrin ring attached to the C-70, and the one at
6.17 ppm to the NH of the porphyrinic macrocycle at C-50. More-
over, the H-60 and H-40 signals as well as the one due to the NH of



N

Ph HN

Ni

N
O

9b

Br

N

Ph HN

Ni
9a

N

O

N

Ph HN

Ni

N
O

9c

NH

N Ph
Ni

5'

H

H
H

HH 5'

7' 7'

3 3

3

3

HH 5'

N

Ph HN

Ni
9d

N

Br

O

4'

6'

H

H

N

Ph HN

Ni
9e

N

H

O6'

H

H
N

Ph HN

Ni
9f

N

NH

O

4'

6'

H

H

N

Ph
Ni 3

33 3

Fig. 6. Structures, main HMBC and NOESY correlations of synthesized mono-(2-aminoporphyrinyl)- and di-(2-aminoporphyrinyl)-substituted indolin-2-ones 9aef.
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the porphyrin at C-70 and the protons of the N-methyl group
(3.19 ppm) correlate with the quaternary carbon C-70a (129.8 ppm).

The 1H NMR spectra of 9d and 9e showed a similar substitution
pattern to the ones observed for 9b and 9a, respectively. In the case
of 9d, the NOESY spectrum showed a correlation between the
signal of theN-methyl group (a singlet at 3.11 ppm) and the doublet
at 6.64 ppm (J 1.9 Hz) corresponding to the resonance of H-70.
Consequently, the linkage position in themonobromo derivative 9d
was confirmed to be at the C-60 of the indolin-2-one ring by HMBC
(Fig. 6), wherein, a correlation was seen between the signal of the
NH proton (6.32 ppm) with those of C-70 and C-50 carbons (95.3 and
113.8 ppm, respectively). This fact indicates that after formation of
9d, it undergoes debromination under the reaction conditions to
form 9e. This is supported by the 1H NMR pattern of 9ewith respect
to the aromatic part of the indolin-2-one ring where the presence
of the doublet of doublets at 6.31 ppm (J 2.0 and 7.9 Hz, H-50) and
the two doublets at 6.77 ppm (J 2.0 Hz, H-70) and 7.03 ppm (J 7.9 Hz,
H-40) can only be justified if the porphyrin is linked at the 6-
position of this unit. The HMBC correlations (Fig. 6) are consistent
with the proposed structure 9e. These results were confirmed by
the HRMS data of compounds 9d and 9e, which showed peaks atm/
z 936.1702 and 858.2612, respectively.

The HRMS spectrum of 9f showed a peak at m/z 1542.4356
corresponding to the (MþH)þ ion15 and the 1H NMR data was in
accord with the proposed structure. In the HMBC spectrum (see the
main correlations in Fig. 6) the signal of the NH proton of the 2-
aminoporphyrin attached to the C-60 (assigned as a singlet at
6.38 ppm) correlates with the carbon signals at 92.4 and 100.6 ppm
attributed to C-70 and C-50, respectively. This last signal is also
correlating with the singlet at 5.97 ppm corresponding to the res-
onance of the NH proton of the porphyrinic macrocycle in the C-40.
Moreover, the signals attributed to the proton resonances of the N-
methyl group (singlet at 3.15 ppm), H-70 (doublet, J 1.5 Hz, at
5.92 ppm) and H-50 (doublet, J 1.5 Hz, at 7.47 ppm) correlate with
the quaternary carbons C-70a (144.84 ppm) and C-30a (115.9 ppm).
Compound 9g showed the inner NeH of the macrocycle at
�2.53 ppm thus indicating the removal of Ni metal ion while other
peaks were similar to those observed in the complexed form; the
free base structurewas also confirmed by its HRMS atm/z 803.3479
for its (MþH)þ ion.15

3. Conclusion

In summary, a series of mono-(2-aminoporphyrinyl)- and di-(2-
aminoporphyrinyl)-indolin-2-one conjugates were synthesized by
reactions of 5-iodo; 4,6- and 5,7-dibrominated indolin-2-one de-
rivatives with (2-amino-5,10,15,20-tetraphenylporphyrinato)nick-
el(II) via BuchwaldeHartwig palladium-catalyzed aminations
supported by a phosphine ligand. These studies demonstrated that
the efficiency and course of the coupling process depend on various
factors like the used catalytic system, the number and position of
the halogen substituent and heating condition. Theoretical calcu-
lations provide insights into the reactivity of the iodo and dibro-
minated indolin-2-one derivatives. Using these synthetic methods,
we are currently working to construct libraries of porphyrins for
potential applications in medicine.

4. Experimental section

4.1. General

The microwave heating amination reactions were performed
with an Ethos SYNTH microwave labstation (Milestone) using
a closed glass reactor (temperature measurement with a fibre-optic
probe and Weflon� bar along with magnetic stirring). 1H NMR
spectra were recorded at 300 or 500 MHz and 13C NMR spectra
were recorded at 75.5 or 125.8 MHz with Bruker Avance 300 and
Bruker DRX 500 spectrometers. CDCl3 was used as solvent. Chem-
ical shifts (d) are expressed in parts per million (ppm) relative to
tetramethylsilane. The coupling constants (J) are given in hertz
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(Hz). Unequivocal 1H assignments were made using 2D COSY and
NOESYexperiments (mixing time of 800ms) while 13C assignments
were made on the basis of DEPT-135 and 2D HSQC and HMBC ex-
periments (delay for long-range J C/H couplings were optimized for
7 Hz). The HRMS (ESI) were determined with a Bruker Apex-Qe
spectrometer using chloroform as solvent and 3-nitrobenzyl alco-
hol (NBA) as matrix. The UVevis spectra were recorded with
a Shimadzu UV-250 Pc spectrophotometer using chloroform as
solvent (1 cm path length quartz cell). Melting points were mea-
sured with a B€uchi B-540 melting point apparatus and are un-
corrected. Preparative thin layer chromatography was carried out
on 20�20 cm glass plates coated with silica gel (1 mm thick,
Merck). Analytical TLC was carried out on precoated sheets with
silica gel (0.2 mm thick, Merck). Dichloromethane was distilled
from calcium hydride, and toluenewas dried over sodiummetal. All
other solvents and reagents were used without further purification.

(2-Amino-5,10,15,20-tetraphenylporphyrinato)nickel(II)11 6 and
indolin-2-one derivatives 7aec12 were prepared according to
known procedures and were characterized by comparing its 1H
NMR spectrum to the previously reported data. The 5-iodo-1,3,3-
trimethylindolin-2-one14 8a and (2-phenylamino-5,10,15,20-
tetraphenylporphyrinato)nickel(II)3f 10 are also described and
were characterized by comparing their 1H NMR and MS spectra to
the previously reported data.

4.2. General procedure for the N-methylation reaction13 of
indolin-2-ones 7aec

5-Iodo-indolin-2-one 7a (50 mg, 193 mmol) and methyl iodide
(72.1 mL, 1.16 mmol, 6 equiv) were added to a vigorously stirred
solution of KOH (45.1 mg, 0.80 mmol, 4 equiv) in DMSO (2 mL) at
room temperature. The reaction was monitored by TLC until com-
plete consumption of 7a (30min). Afterwater addition, the reaction
mixture was extracted with ethyl acetate and the organic layer
dried over Na2SO4. Solvent was then evaporated under reduced
pressure and the 5-iodo-1,3,3-trimethylindolin-2-one 8a was pu-
rified using preparative thin layer chromatography [light petro-
leum/ethyl acetate (3:2)]. Crystallization from dichloromethane/
light petroleum afforded 8a in 74% yield (43 mg).

4.2.1. 5-Iodo-1,3,3-trimethylindolin-2-one14 8a. HRMS (ESI) m/z
calcd for C11H13INO (MþH)þ 302.0036, found 302.0036.

4.2.2. 5,7-Dibromo-1,3,3-trimethylindolin-2-one 8b. Yield: 79%
(45 mg); yellow solid; mp 125e127 �C (CH2Cl2/light petroleum); dH
(300 MHz, CDCl3) 1.36 (s, 6H, CH3 �2), 3.57 (s, 3H, NCH3), 7.22 (d,
1H, J 2.0 Hz, H-4), 7.52 (d, 1H, J 2.0 Hz, H-6); dC (75 MHz, CDCl3) 24.5
(CH3 �2); 29.7 (NCH3); 44.2 (C-3); 102.7 (C-7); 115.3 (C-5); 124.7
(C-4); 135.1 (C-6); 139.3 (C-7a); 140.4 (C-3a); 181.0 (C-2); HRMS
(ESI) m/z calcd for C11H12Br2NO (MþH)þ 331.9280, found 331.9279.

4.2.3. 4,6-Dibromo-1,3,3-trimethylindolin-2-one 8c. Yield: 70%
(39.8 mg); brownish oil; dH (300 MHz, CDCl3) 1.50 (s, 6H, CH3 �2),
3.19 (s, 3H, NCH3), 6.93 (d, 1H, J 1.5 Hz, H-7), 7.33 (d, 1H, J 1.5 Hz, H-
5); dC (75 MHz, CDCl3) 21.2 (CH3 �2); 26.4 (NCH3); 46.2 (C-3); 110.6
(C-7); 119.0 (C-4); 121.7 (C-6); 128.7 (C-5); 132.2 (C-3a); 145.6 (C-
7a); 180.5 (C-2); HRMS (ESI) m/z calcd for C11H12Br2NO (MþH)þ

331.9280, found 331.9279.

4.3. General procedures for the reaction of (2-amino-5,10,15,20-
tetraphenylporphyrinato)nickel(II) 6with1,3,3-trimethylindolin-
2-ones 8aec under Buchwald conditions

Procedure (i) Classical heating: In an oven dried Schlenck tube,
purged with N2, porphyrin 6 (14.5 mmol) and 1,3,3-
trimethylindolin-2-ones 8aec (29.2 mmol, 2 equiv) were dissolved
in dry, degassed toluene (5 mL). To this solution were added
Pd(OAc)2/(PPh3)4Pd (4.2 mmol, 0.29 equiv), ligand (3.8 mmol,
0.26 equiv) and KOtBu (30.3 mmol, 2.1 equiv). The mixture was kept
under a nitrogen atmosphere for 24 h at 100e110 �C. After cooling to
room temperature and addition of chloroform, the reactionmixture
was filtered through a short plug column of Celite�-545 andwashed
several times with water. The organic layer was dried over Na2SO4.
After evaporation of the solvents under reduced pressure, the solid
residuewas taken up in CHCl3 and then purified by preparative thin
layer chromatography [light petroleum/chloroform (1:2)]. The first
eluted fractionwas the startingmaterial Ni(II)e2-NH2eTPP 6. Then,
the desired (2-aminoporphyrinyl)-indolin-2-ones 9aef were iso-
lated after crystallization from chloroform/methanol.

Procedure (ii) Microwave heating: In a closed glass reactor,
purged with N2, porphyrin 6 (14.5 mmol) and 1,3,3-
trimethylindolin-2-ones 8aec (29.2 mmol, 2 equiv) were dissolved
in dry, degassed toluene (2.5 mL). To this solution were added
Pd(OAc)2 (4.2 mmol, 0.29 equiv), XPhos (3.8 mmol, 0.26 equiv) and
KOtBu (30.3 mmol, 2.1 equiv). The vessel was placed inside the
centre of the microwave oven and then was exposed to microwave
irradiation for 30 min (800 W for 2 min to reach 110 �C and 500W
to maintain the reflux). After irradiation, the reaction mixture was
cooled to room temperature, filtered through a short plug column
of Celite�-545 (using chloroform) and washed with water. The or-
ganic layer was dried over Na2SO4 and the solvent removed under
reduced pressure. Further purification by preparative thin layer
chromatography, using a mixture of light petroleum/chloroform
(1:2), afforded the starting material Ni(II)e2-NH2eTPP 6, and the
desired (2-aminoporphyrinyl)-indolin-2-ones 9aef by crystalliza-
tion from chloroform/methanol.

4.3.1. 5-[(2-Amino-5,10,15,20-tetraphenylporphyrinato)nickel(II)]-
1,3,3-trimethylindolin-2-one 9a. dH (300MHz, CDCl3) 1.34 (s, 6H, CH3
�2), 3.20 (s, 3H, NCH3), 6.21 (s, 1H, NH), 6.69 (dd, 1H, J 8.2, 2.0 Hz, H-
60), 6.73 (d, J 8.2 Hz,1H, H-70), 7.11 (d,1H, J 1.6 Hz, H-40), 7.60e7.79 (m,
12H, H-m,p-Ph), 7.93e8.00 (m, 8H, H-o-Ph), 8.06 (s,1H, H-3), 8.54 (d,
1H, J 4.9 Hz, H-b), 8.62e8.69 (m, 5H, H-b); dC (125MHz, CDCl3) 24.3
(CH3�2); 26.3 (NCH3); 44.4 (C-30); 108.4 (C-70); 109.3 (C-3); 112.7 (C-
40); 115.5, 115.6; 116.6 (C-60); 118.4, 120.2; 126.86, 126.89, 126.94,
127.5, 127.6, 127.7, 128.5, 128.8 (C-m,p-Ph); 130.4, 131.3, 131.4, 131.7,
131.8, 132.9 (C-b); 132.5, 133.4, 133.5, 133.6 (C-o-Ph); 136.8 and 137.0
(C-70a and C-30a); 137.9 (C-50); 139.6, 140.8, 140.9, 141.2, 141.3, 142.1,
142.8,142.9,143.1,143.7,147.6; 181.0 (C-20); UVevis (CHCl3): lmax (log
ε) 414 (5.13), 540 (4.12), 586 (4.21) nm; HRMS (ESI) m/z calcd for
C55H40N6NiO (Mþ�) 858.2611, found 858.2611.

The results of all these experiments are summarized in Tables 1
and 2.

4.3.2. 7-[(2-Amino-5,10,15,20-tetraphenylporphyrinato)nickel(II)]-5-
bromo-1,3,3-trimethylindolin-2-one 9b. dH (300 MHz, CDCl3) 1.36 (s,
6H,CH3�2), 3.19 (s, 3H,NCH3), 5.72 (s,1H,NH), 7.12 (d,1H, J1.9 Hz,H-
40), 7.24 (d,1H, J1.9 Hz,H-60), 7.39 (s,1H,H-3), 7.54e7.77 (3 m,12H,H-
m,p-Ph), 7.84e8.03 (2m, 8H, H-o-Ph), 8.56 (d, 1H, J 4.9 Hz, H-b), 8.58
(d,1H, J 4.9 Hz, H-b), 8.65e8.71 (m, 4H, H-b); dC (75 MHz, CDCl3) 24.6
(CH3 �2); 28.4 (NCH3); 44.1 (C-30); 110.6 (C-3); 115.0 (C-50); 115.8,
116.0, 118.59, 118.65, 120.2; 122.7 (C-40); 126.9, 127.0, 127.5, 127.7,
127.76, 128.5, 129.2 (C-m,p-Ph); 127.83 (C-60); 130.6, 131.5, 131.6,
131.9, 132.2, 132.9 (C-b and C-o-Ph); 133.47, 133.56, 133.65 (C-o-Ph);
136.0 (C-70a); 139.4; 139.9 (C-30a); 127.3, 131.7, 140.7, 140.9, 141.2,
141.5, 142.2, 142.7, 142.8, 142.9, 143.1, 150.5; 181.4 (C-20); UVevis
(CHCl3): lmax (log ε) 416 (5.09), 540 (4.02), 582 (3.91) nm;HRMS (ESI)
m/z calcd for C55H39BrN6NiO (Mþ�) 936.1717, found 936.1710.

4.3.3. 5,7-Bis[(2-amino-5,10,15,20-tetraphenylporphyrinato)nick-
el(II)]-1,3,3-trimethylindolin-2-one 9c. dH (300 MHz, CDCl3) 1.36 (s,
6H, CH3�2), 3.19 (s, 3H, NCH3), 5.78 (s, 1H, NH of porphyrin at C-70),
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6.17 (s, 1H, NH of porphyrin at C-50), 6.54 (d, 1H, J 2.1 Hz, H-40),
6.55e6.59 (m,1H, H-m-Ph), 6.71e6.75 (m, 1H, H-m-Ph), 7.00 (d, 1H,
J 2.1 Hz, H-60), 7.02e7.07 (m, 1H, H-m-Ph), 7.21 (t, 1H, J 7.5 Hz, H-m-
Ph), 7.48 (s, 1H, H-3 of porphyrin at C-70), 7.56e7.71 (m, 24H, 4 20-
H-o-Ph and 20 H-m,p-Ph), 7.91e8.04 (m, 12H, H-o-Ph), 8.09 (s, 1H,
H-3 of porphyrin at C-50), 8.41 (d, 1H, J 5.0 Hz, H-b), 8.44 (d, 1H, J
5.0 Hz, H-b), 8.53e8.74 (m, 10H, H-b); dC (125 MHz, CDCl3) 24.7
(CH3 �2); 28.4 (NCH3); 44.1 (C-30); 109.2 (C-40); 110.7 (C-3 of por-
phyrin at C-70); 110.8 (C-60); 111.5 (C-3 of porphyrin at C-50); 115.7,
115.8, 115.9, 118.46, 118.48, 120.21, 120.24, 126.5, 126.89, 126.91,
127.67; 126.4, 126.7, 126.87, 127.1, 127.2, 127.64, 127.74, 127.77, 128.4,
128.5, 128.6, 129.1 (C-m,p-Ph); 129.8 (C-70a); 130.46, 130.51, 131.4,
131.5, 131.7, 131.91, 131.96, 132.0, 132.3, 132.5, 132.8, 132.9 (C-b);
133.0,133.3, 133.5, 133.6, 133.7 (C-o-Ph); 138.4; 139.2 (C-30a); 139.5,
139.6, 140.69, 140.72, 140.75, 141.01, 141.03, 141.45, 141.48, 142.1,
142.81, 142.86, 142.88, 142.91, 143.1, 143.2, 143.3, 146.1, 150.6; 181.5
(C-20); UVevis (CHCl3): lmax (log ε) 414 (5.34), 538 (4.26), 588 (4.30)
nm; HRMS (ESI) m/z calcd for C99H67N11Ni2O (Mþ�) 1541.4231,
found 1541.4226.

4.3.4. 6-[(2-Amino-5,10,15,20-tetraphenylporphyrinato)nickel(II)]-4-
bromo-1,3,3-trimethylindolin-2-one 9d. dH (300 MHz, CDCl3) 1.50 (s,
6H, CH3 �2), 3.11 (s, 3H, NCH3), 6.32 (s, 1H, NH), 6.47 (d, 1H, J 1.9 Hz,
H-50), 6.64 (d, 1H, J 1.9 Hz, H-70), 7.63e7.83 (2m, 12H, H-m,p-Ph),
7.96e8.01 (m, 8H, H-o-Ph), 8.26 (s, 1H, H-3), 8.58 (d, 1H, J 5.0 Hz, H-
b), 8.66e8.72 (m, 5H, H-b); dC (75 MHz, CDCl3) 21.8 (CH3 �2); 26.1
(NCH3); 46.0 (C-30); 95.3 (C-70); 112.9 (C-3); 113.8 (C-50); 115.7,
116.2; 118.7, 118.8 (C-40 and C-60); 120.2; 124.9 (C-30a); 126.90,
126.92, 127.0, 127.7, 127.8, 128.6, 128.9 (C-m,p-Ph); 130.8, 131.6,
131.9, 132.0, 132.4 (C-b); 132.99,133.03, 133.4,133.5, 133.6 (C-o-Ph);
139.5, 140.62, 140.65, 141.1, 141.3, 141.7, 142.3, 142.8, 142.9, 143.3,
144.7; 145.2 (C-70a); 181.3 (C-20); UVevis (CHCl3): lmax (log ε) 418
(5.02), 544 (3.97), 580 (4.01) nm; HRMS (ESI) m/z calcd for
C55H39BrN6NiO (Mþ�) 936.1717, found 936.1702.

4.3.5. 6-[(2-Amino-5,10,15,20-tetraphenylporphyrinato)nickel(II)]-
1,3,3-trimethylindolin-2-one 9e. dH (300 MHz, CDCl3) 1.36 (s, 6H,
CH3 �2), 3.14 (s, 3H, NCH3), 6.31 (dd, 1H, J 2.0, 7.9 Hz, H-50), 6.44 (s,
1H, NH), 6.77 (d, 1H, J 2.0 Hz, H-70), 7.03 (d, 1H, J 7.9 Hz, H-40),
7.61e7.82 (2m, 12H, H-m,p-Ph), 7.97e8.00 (m, 8H, H-o-Ph), 8.25 (s,
1H, H-3), 8.56 (d, 1H, J 5.0 Hz, H-b), 8.65e8.71 (m, 5H, H-b); dC
(75 MHz, CDCl3) 24.5 (CH3 �2); 26.0 (NCH3); 43.9 (C-30); 96.5 (C-
70); 110.4 (C-50); 111.0 (C-3); 115.4, 116.8, 119.9, 122.4; 122.9 (C-40);
127.9 (C-3a0); 126.9, 127.0, 127.7, 127.8, 128.5, 128.9 (C-m,p-Ph);
130.6, 131.5, 131.8, 132.5, 132.9 (C-b); 133.4, 133.5, 133.6 (C-o-Ph);
133.0, 136.9, 138.9, 140.0, 140.3, 140.7, 141.2, 141.5, 142.2, 143.0;
143.6 (C-7a0); 145.9; 182.0 (C-20); UVevis (CHCl3): lmax (log ε) 416
(5.02), 542 (3.97), 582 (4.01) nm; HRMS (ESI) m/z calcd for
C55H40N6NiO (Mþ�) 858.2611, found 858.2612.

4.4. General procedures for the reaction (2-amino-5,10,15,20-
tetraphenylporphyrinato)nickel(II) 6 with bromo-indolin-2-
ones 9b,d under Buchwald conditions

Procedure (iii) Classical heating: In an oven dried Schlenck tube,
purged with N2, 7-(2-aminoporphyrinyl)-5-bromo-indolin-2-one
9b (6.1 mmol) and Ni(II)e2-NH2eTPP 6 (9.1 mmol, 1.5 equiv) were
dissolved in dried, degassed toluene (5 mL). To this solution were
added Pd(OAc)2 (1.8 mmol, 0.29 equiv), XPhos (1.7 mmol, 0.28 equiv)
and KOtBu (12.7 mmol, 2.1 equiv). The mixture was kept under
a nitrogen atmosphere for 24 h at 100e110 �C. After cooling to room
temperature and addition of chloroform, the reaction mixture was
filtered through a short plug column of Celite�-545 and washed
several times with water. The organic layer was dried over Na2SO4.
After evaporation of the solvents under reduced pressure, the solid
residuewas taken up in CHCl3 and then purified by preparative thin
layer chromatography [light petroleum/chloroform (1:2)]. The
starting material Ni(II)e2-NH2eTPP 6 and the 5,7-di-(2-
aminoporphyrinyl)-substituted indolin-2-one 9c were crystallized
from chloroform/methanol.

Procedure (iv) Microwave heating: In a closed glass reactor,
purged with N2, porphyrin 9b (11.8 mmol) and Ni(II)e2-NH2eTPP 6
(17.9 mmol, 1.5 equiv) were dissolved in dry, degassed toluene
(5 mL). To this solutionwere added Pd(OAc)2 (4.2 mmol, 0.29 equiv),
XPhos (3.1 mmol, 0.26 equiv) and KOtBu (24.9 mmol, 2.1 equiv).
Similar microwave programwas utilized asmentioned earlier. After
irradiation, the reaction mixture was cooled to room temperature,
filtered through a short plug column of Celite�-545 (using chloro-
form) and washed with water. The organic layer was dried over
Na2SO4 and the solvent removed under reduced pressure. Further
purification by preparative thin layer chromatography, using
a mixture of light petroleum/chloroform (1:2), afforded the starting
material 6, 9b and 9c. All compounds were crystallized from
chloroform/methanol.

The results of all these experiments are summarized in Table 3.

4.4.1. 4,6-Bis[(2-amino-5,10,15,20-tetraphenylporphyrinato)nick-
el(II)]-1,3,3-trimethylindolin-2-one 9f. dH (300 MHz, CDCl3) 1.11 (s,
6H, CH3 �2), 3.15 (s, 3H, NCH3), 5.92 (d, 1H, J 1.5 Hz, H-70), 5.97 (s,
1H, NH of porphyrin at C-40), 6.25e6.35 (m, 2H, H-m-Ph), 6.38 (s,
1H, NH of porphyrin at C-60), 6.57 (t, 1H, J 7.3 Hz, H-m-Ph), 6.87 (t,
1H, J 7.3 Hz, H-m-Ph), 7.36e7.42 (m, 4H, 20-H-o-Ph), 7.47 (d, 1H, J
1.5 Hz, H-50), 7.54e7.70 (m, 20H, H-m,p-Ph), 7.92e8.05 (m, 12H, H-
o-Ph), 7.95 (s, 1H, H-3 of porphyrin at C-40), 8.23 (s, 1H, H-3 of
porphyrin at C-60), 8.32e8.74 (m, 12H, H-b); dC (75 MHz, CDCl3)
22.9 (CH3 �2); 26.2 (NCH3); 43.9 (C-30); 92.4 (C-70); 100.6 (C-50);
113.0 (C-3 of porphyrin at C-40); 113.37 (C-3 of porphyrin at C-60);
113.43, 115.7; 115.9 (C-30a); 118.4, 120.2, 124.5, 126.8, 126.93, 127.12,
127.9, 129.0, 131.7, 133.2; 126.2, 126.5, 126.89, 127.15, 127.6, 127.8,
128.5, 128.6 (C-m,p-Ph); 130.7, 131.5, 131.8, 131.9, 132.0, 132.5, 132.6,
132.8 (C-b); 133.4, 133.59, 133.65, 133.67 (C-o-Ph); 139.57, 139.60,
139.7, 140.5, 140.6, 140.7, 141.1, 141.6, 142.1, 142.6, 142.81, 142.85,
142.9,143.0,143.2,143.5,144.79; 144.84 (C-70a); 148.3; 181.5 (C-20);
UVevis (CHCl3): lmax (log ε) 416 (5.34), 544 (4.66), 585 (4.49) nm;
HRMS (ESI) m/z calcd for C99H68N11Ni2O (MþH)þ 1542.4310, found
1542.4356.

4.4.2. Demetallation of compound 9a to 5-[2-Amino-5,10,15,20-
tetraphenylporphyrin]-1,3,3-trimethylindolin-2-one 9g. Porphyrin
9a (7.33 mmol) was treated with a mixture of 10% H2SO4 in chloro-
form (10 mL). The reaction mixture was stirred at room tempera-
ture for 2 min and then neutralized with a saturated solution of
NaHCO3. The aqueous phase was extracted with chloroform, and
the organic phasewas dried over Na2SO4 and evaporated in vacuum
to dryness. The resulting residuewas purified by preparative TLC. dH
(300 MHz, CDCl3)�2.54 (s, 2H, NH), 1.37 (s, 6H, CH3�2), 3.22 (s, 3H,
NCH3), 6.43 (s, 1H, NH), 6.72 (dd, 1H, J 8.3, 1.9 Hz, H-60), 6.77 (d, 1H, J
8.3, 1.9 Hz, H-70), 7.29 (d, 1H, J 1.9 Hz, H-40), 7.68e7.89 (m, 12H, H-
m,p-Ph), 8.11 (s, 1H, H-3), 8.15e8.23 (m, 8H, H-o-Ph), 8.55 (d, 1H, J
4.8 Hz, H-b), 8.73e8.82 (m, 5H, H-b); UVevis (CHCl3): lmax (log ε)
410 (5.33), 523 (4.39), 574 (4.24), 602 (4.22), 657 (3.97) nm; HRMS
(ESI) m/z calcd for C55H43N6O (MþH)þ 803.3498, found 803.3479.

4.5. Theoretical calculations

Theoretical calculations were performed using density-
functional theory, with Gaussian 03.20 Molecular geometries were
optimized using the B3LYP functional with the 6-311G** basis-set,
having all properties been calculated at the same level over the
optimized structures. Conformational analysis of 9c and 9f was
performed at the scc-dftb level using DFTBþ,2 with parameters
taken from themio-0-121 and trans3d-0-122 sets (for {C, H, N, O} and
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{Ni}, respectively); default program parameters were used in the
geometry optimization steps; geometries were considered con-
verged once the maximum force component was below 0.0001 au.
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