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Investigation of the solubility behavior of para-substituted (H,
Me, t-Bu, n-Bu) meso-tetraarylporphyrins as well as meso-
tetraalkylporphyrins (Me, n-Pr, n-Bu) were performed. An
increase of solubility in chloroform and benzene is detected
according to the higher functionality in para position of the
phenyl ring for meso-tetraarylporphyrins or in meso position on

meso-tetraalkylporphyrins. Furthermore, the series of
bis(chlorido)tin(IV) meso-tetraarylporphyrin and
bis(chlorido)tin(IV) meso-tetraalkylporphyrin was investigated
via UV/Vis spectroscopy, 119Sn-NMR and single crystal X-ray
diffraction.

Introduction

Porphyrins play an important role in many biological
functions[1,2] and their optical functionality, design flexibility and
structural properties make them important materials for indus-
trial and medical applications.[3] Further enhancing these optical
properties is the introduction of highly charged group 14 metal
centers into the porphyrin ring which do not disturb the
planarity of the ring.[2,4–6] Specifically, tin(IV) porphyrins with
trans-diaxial ligands can be manipulated to achieve a large
variety of these complexes[6] which have applications ranging
from catalysts,[7] photodynamic therapy for cancer treatments,[8]

to antimicrobial textiles.[9] Useful starting materials for function-
alization of the trans-diaxial ligands in tin porphyrin systems are
the bis(chlorido)tin(IV) meso-tetrasubstituted porphyrin deriva-
tives.

While the synthesis of bis(chlorido)tin(IV) meso-tetraarylpor-
phyrin compounds has been extensively studied and well
described in literature,[10] their solid state characterization has
been more intriguing. Aside from bis(chlorido)tin(IV) meso-
tetraphenylporphyrin, only few structurally characterized meso
aryl-substituted species are reported in literature and either
contain electron withdrawing or donating groups (Figure 1).
However, it should also be noted that several bis(chlorido)tin(IV)
meso-tetra(para-substituted-aryl)substituted porphyrins (p-tolyl,
p-ethyl-C6H4, p-t-butyl-C6H4)

[11–15] have been prepared, but are
not completely structurally characterized by single crystal X-ray
diffraction. In the case of meso-tetraalkyl substituted tin(IV)
porphyrins, only the bis(chlorido)(meso-
tetraheptylporphyrinato)tin(IV) has been previously published
by Martelli et al.[16] The compound was also not structurally
characterized by single crystal X-ray diffraction.

For all literature known free base meso-tetrasubstituted
porphyrins and bis(chlorido)tin(IV) meso-tetrasubstituted por-
phyrin complexes, limited solubility in common organic
solvents occurs, and therefore hindering their application. The
solubility of the free base porphyrins has been shown to
depend on meso- vs ß-substituent position, number and nature
of the substituent (alkyl, aryl).[17] Thus far, solubility studies for
metal containing porphyrin complexes have been limited. A
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Figure 1. Literature known structurally characterized by single crystal XRD
bis(chlorido)(meso-tetraR*porphyrinato) tin(IV) compounds[20,21–24]

Wiley VCH Donnerstag, 21.09.2023

2328 / 315202 [S. 85/92] 1

Eur. J. Inorg. Chem. 2023, 26, e202300286 (1 of 8) © 2023 The Authors. European Journal of Inorganic Chemistry published by Wiley-VCH GmbH

www.eurjic.org

Research Article
doi.org/10.1002/ejic.202300286

http://orcid.org/0000-0002-7848-4274
http://orcid.org/0000-0001-9523-5010
http://orcid.org/0000-0003-3858-6193
http://orcid.org/0000-0002-6203-7330
http://orcid.org/0000-0001-5918-6207
https://doi.org/10.1002/ejic.202300286
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fejic.202300286&domain=pdf&date_stamp=2023-08-14


DFT investigation of the solubility of meso-substituted zinc
porphyrins[18] was reported, as well as, a solubility study of ß-
substituted nickel and vanadium porphyrin complexes.[19] How-
ever, to the best of our knowledge no conclusive studies on
comparing the substituents effects of the free meso-tetrasub-
stituted porphyrins or bis(chlorido)tin(IV) meso-tetrasubstituted
porphyrin derivatives have been reported thus far.

Therefore, the focus of this work is on the synthesis and
characterization via UV/Vis, as well as, single crystal X-ray
diffraction of para-substituted (H, Me, t-Bu, n-Bu) meso-tetraar-
ylporphyrins in addition to the more neglected meso-tetraalkyl-
porphyrins (Me, n-Pr, n-Bu). The goal of this work was the
enhancement of the solubility for not only the free base
porphyrins but especially the bis(chlorido)tin(IV) species by
varying the nature (alkyl, aryl) of the substituents.

Results and Discussion

Synthesis of meso-tetraR*porphyrins (1a–1g)

The preparation of free base porphyrins has been discussed
thoroughly in literature.[2] The aforementioned meso-tetraaryl-
porphyrins 1b, 1c and 1d were prepared via the Adler method
first published in 1964.[25] Equimolar amounts of pyrrole and the
respective aldehyde were refluxed in propionic acid for 1 h.
Following yields were achieved: 23% for 1b, 21% for 1c and
18% for 1d. The products were obtained as blueish purple
powders with metallic hue (Scheme 1). 1a (97%) was purchased
by ABCR GmbH & Co KG.

The discussed meso-tetraalkylporphyrins 1e, 1 f and 1g
were synthesized according to the Lindsey Method.[26] In this
reaction, equimolar amounts of pyrrole and the respective
aldehyde are brought to react in dry dichloromethane with
BF3*OEt2 to obtain the porphyrinogen. After oxidation with p-
chloranil, the synthesized meso-tetraalkylporphyrins were puri-
fied by column chromatography and received with yields of 7%

for 1e, 10% for 1f and 12% for 1g. 1e–1g were obtained as
reddish-purple powders.

Synthesis of bis(chlorido)(meso-tetraR*porphyrinato) tin(IV)
(2a–2g)

The synthesis of 2a–2g was performed as previously
reported.[10,11,13,14] However, a different work up procedure was
employed,[4] where the reaction mixture was centrifuged after
cooling to RT at 2000 rpm for 30 minutes and the solution
decanted. The remaining slurry was dissolved in chloroform and
purified via filtration from excess SnCl2 · 2H2O. While the syn-
thesis of 2a–2c is well described in literature,[10–14] the synthesis
of 2d–2g has not been mentioned so far to the best of our
knowledge. 2e precipitated after addition of water as a dark
purple powder, which could not be re-dissolved again in an
abundance of common organic solvents. All novel compounds
were characterized by 1H-NMR, 119Sn-NMR, UV/Vis as well as,
MALDI-TOF-MS.

Attempts to enhance the solubility

An important aspect of employing these compounds in
applications, such as bulk-heterojunction solar cells, is their
solubility. Enhancing the solubility might prove beneficial
towards higher thickness and more consistent morphology and
distribution of the active layer in bulk-hetero junction solar cells
as shown by preliminary results in previously reported work.[27]

Therefore, it is worthwhile exploring the effect of the R* group.
The solubility studies of the aforementioned free base

porphyrins (1a–1f) were performed in chloroform, benzene,
DME and heptane (see Figure 2). All free base porphyrins
showed an extreme low solubility in heptane of <1 mmolL� 1.
The solubility in DME was also significantly lower than in
chloroform and benzene. Although 1a does not follow the
trend, one can see that for 1b to 1d and 1e to 1g the solubility

Scheme 1. Synthetic paths towards compounds 1a–1g and 2a–2g.
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in chloroform increases with an increase of the alkyl chain.
Solubility of all free base porphyrins(1a–1g) showed higher
solubility in chloroform on average compared to benzene, with
the longest chain 1d showing the highest solubility with
48 mmolL� 1 in chloroform.

The solubility studies of 2a–2g were performed in chloro-
form and benzene (Figure 3). Since the solubility in heptane
and DME was overall extremely low, these solvents are not
further discussed here. In general, we see that the free base
porphyrins 1a–1g have a higher solubility as compared to the
bis(chloride)tin(IV) compounds, 2a–2g.

In the case of bis(chlorido)tin(IV) meso-tetraalkylporphyrins
(Me, n-Pr, n-Bu) (2e–2g), poor solubility was observed in
benzene (<1 mmolL� 1) with only a slight increase of solubility
in chloroform. The highest solubility was observed for the n-
butyl substituted 2g with 7 mmolL� 1 in chloroform.

Solubility is drastically increasing moving from the meso-
tetraalkylpoprhyrins (2e–2g) to the meso-tetraarylporphyrins
(2a–2d). Replacement of the alkyl groups by aryl moieties (2a–
2d) in the meso position, resulted in an increase in solubility
both benzene (4–13 mmolL� 1) and chloroform (15–
34 mmolL� 1).This was also observed for the free base porphyr-
ins.

In accordance with higher chain length on the para position
of the phenyl group, the solubility increases from 2a to 2d. The
exception is 2c with a slightly higher solubility in benzene of
13 mmolL� 1 as compared to 2d with 11 mmolL� 1. The highest

solubility could be achieved for 2d with 34 mmolL� 1 in chloro-
form. For the meso-tetraalkylporphyrins (2e–2g), a similar trend
can be observed. As mentioned above, 2e precipitated out of
the reaction solution upon formation and could not be
redissolved in quantitative amounts in an abundance of several
common organic solvents. 2f and 2g were slightly more soluble
with 2 mmolL� 1 in chloroform for 2f and 7 mmolL� 1 in chloro-
form for 2g. Due to the solubility increase (19 mmolL� 1)
afforded by 2d, exchanging the previously used 2a[27] with 2d,
as the starting material for bulk-hetero junction solar cells, has
the potential to improve their performance.

Characterization via NMR

NMR measurements were performed either in CDCl3 or C6D6 at
room temperature. 1H-NMR shifts fall within the expected
ranges for these porphyrins and are as described in
literature.[28,29,30] 119Sn-NMR shifts for 2a–2g are about � 588�
1 ppm, which is typical for these compounds. For compounds
2f and 2g, the 119Sn-NMR shift could not be obtained via direct
measurement of solution 119Sn-NMR due to low solubility.
However, 2D-1H-119Sn HMBC-NMR succeeded to give the 119Sn-
NMR shifts of � 587 ppm for both 2f and 2g.

Also, solution state 1H-NMR of 2e was not successful due to
the extremely low solubility in common organic solvents. To
confirm the synthesis of 2e, 119Sn-MAS-NMR was performed for
2e and chemically similar 2f and 2g. This resulted in 119Sn-MAS-
NMR shifts of � 588 ppm for 2e and � 591 ppm for both 2f as
well as 2g (see Figure 4). Therefore, it can be concluded that
the synthesis of 2e was successful. A comparison of the solution
119Sn-NMR of 2e and 2f to the 119Sn-MAS-NMR show that these
results are consistent as shown in Table 1. Although some of
the described porphyrins are well known in literature, 13C-NMR

Figure 2. Solubility of 1a–1g in chloroform and benzene in mmolL� 1.

Figure 3. Solubility of 2a–2g in chloroform and benzene in mmolL� 1.

Figure 4. 119Sn-MAS-NMR of Cl2SnTMeP(2e) in comparison to Cl2SnTn-
BuP(2f) & Cl2SnTn-PrP(2g).

Table 1. Solution and solid state 119Sn-NMR shifts of 2a–2g.

Nr. Compound 119Sn-NMR 119Sn-MAS-NMR

2a Cl2SnTPP � 588 –

2b Cl2SnTTP � 588 –

2c Cl2SnTt-BuPP � 587 –

2d Cl2SnTn-BuPP � 588 –

2e Cl2SnTMeP – � 588

2f Cl2SnTn-PrP � 587 � 591

2g Cl2SnTn-BuP � 587 � 591
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investigations have been sometimes lacking. The distinction
between sp2-hybridized carbon atoms (150–120 ppm) and sp-
hybridized carbon atoms (50–10 ppm) can be easily made, an
exact assignment of the shifts to the corresponding carbon
atoms is however more difficult. 13C-NMR of 2b–2d and 2f–2g
showed a 119Sn-13C coupling of 30 Hz at the shift of 130 ppm.

UV/Vis Spectroscopy

Apart from 1H-NMR und 119Sn-NMR spectroscopy, the UV/Vis
absorption behaviour is an excellent analytical tool for porphyr-
in chemistry. Figure 5 and Figure 6 show the UV/Vis absorption
data for the selected compounds 1b, 1d, 1e and 1g. The
spectra were recorded in benzene and the maxima are
normalized to 1. The same trend can be observed for the same
substance classes. Variation of the alkyl group in either the para
position of the phenyl group for meso-tetraarylporphyrins. (1a–
1d, 2a–2d) or in the meso position of the porphyrin ring for
meso-tetraalkylporphyrins (1e–1g, 2e–2g) does not affect the
absorption behaviour. Comparison of the absorption maxima
shows a slight bathochromic shift of 1–4 nm for the meso-
tetraarylporphyrins (1a–1d) with 421 nm as compared to the
meso-tetraalkylporphyrins (1e–1g) with 417 nm. The
bis(chlorido)tin(IV) species 2a–2g are bathochromic shifted as
compared to the free base porphyrins 1a–1g. 2a–2d have an
absorption maximum of 430 nm, whereas 2e–2g have an
absorption maximum at 429 nm. Due to the poor solubility of
2e, a saturated solution of 2e was centrifuged and filtered prior
to measurement.

Single crystal X-Ray Diffraction

Structurally characterized meso-tetraaryl and meso-tetraalkyl
freebase porphyrins are well known in literature.[28,30,31] However,
less structural information is available on the corresponding
bis(chlorido)tin(IV) meso-tetra substituted porphyrin derivatives,
due to difficulties in isolating pure products, and as discussed
above, low solubility in common organic solvents. Only the
bis(chlorido)tin(IV) meso-tetra substituted porphyrins containing
either electron donating or withdrawing groups mentioned in
Figure 1 were structurally characterized by single crystal X-ray
Diffraction. While the synthesis of compounds 2a–2c have
been previously reported,[10–14] only bis(chlorido)tin(IV) meso-
tetraphenylporphyrin 2a has been structurally characterized.
Dissolving 2b–2d in chloroform only lead to successful
crystallization of the newly prepared 2d as purple blocks
(Figure 7). In contrast to 2d, compounds 2b and 2c did not
yield X-ray quality crystals even after various attempts and
combinations of solvent systems. It was only possible to obtain
solid state structures of compound 2b and 2c as co-crystals
after crystallization in toluene by slow evaporation in the
presence of naphthalene. 2b was crystallized as red blocks,
while 2c was crystallized as purple blocks. Despite the addition
of different alkyl chain lengths on the para position on the
phenyl ring of the porphyrin, compounds 2a–2d are structur-
ally similar. Characteristic bond lengths and angles of all
compounds structurally characterized via single crystal X-ray
diffraction are listed in Table 2.

As mentioned above, in contrast to the bis(chlorido)tin(IV)
meso-tetraarylporphyrins no bis(chlorido)tin(IV) meso-tetraalkyl-
porphyrins have been structurally characterized. Due to its low
solubility (<1 mmolL� 1) (Figure 3) and regardless of multiple
attempts, good quality crystals of 2e were not able to be
obtained. However, X-ray quality crystals for the first structurally
characterized bis(chlorido)tin(IV) meso-tetraalkylporphyrins (2f
and 2g) were achieved by slow evaporation in chloroform as
green or purple blocks. As can be seen in Table 2, there is no
substantial structural deviation to the core porphyrin ring by
changing the group on the meso position. Correlating with the
higher degree of rotation of the alkyl chains in the meso
position in 2f and 2g, disorder is observed in the propyl and
butyl chains around the terminal alkyl chains, respectively. In
the bis(chlorido)tin(IV) meso-tetraarylporphyrins, disorder was
only observed in 2c around the para t-butyl group on the
phenyl ring. In the extended solid state, compounds 2b–d, 2f–
g display a series of both non-covalent electrostatic interactions
in the form of C� H···π packing interactions through the central

Figure 5. UV-Vis absorption spectra for 1b, 1d, 1e, 1g in benzene, [λ]
wavelength (nm), [E] rel.Int.(1).

Figure 6. UV-Vis absorption spectra for 2b, 2d, 2e, 2g in benzene, [λ]
wavelength (nm), ɛ [105 Lmol� 1 cm� 1].

Figure 7. Crystal structure diagram for 2d (left) and 2g (right). All non-
carbon atoms shown as 30% shaded ellipsoids. Hydrogen atoms omitted for
clarity.
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porphyrin ring and aryl substituents between neighbouring
molecules, as well as, C� H···Cl contacts (Table 3, Figure 8,
Figure 9). The interactions observed for 2b–d, 2f–g are in range
for reported to C� H···π[32,33,34] and C� H···Cl[35,36–38] values and
compare nicely to values reported for literature known
bis(chlorido)tin(IV) meso-tetraarylporphyrins[22–24,39] (Table 3).
These also fall within range of C� H···π interaction (2.85–3.05 Å)
and C� H···Cl interactions (2.64–3.35 Å) as reported for a series of
structurally similar bis(chlorido)tin(IV) meso-triarylcorroles.[40]

Conclusions

Classically, bis(chlorido)tin(IV)porphyrins have shown low sol-
ubility hindering their application. In order to evaluate materials
with increased solubility for example in bulk-heterojunction
solar cell applications, a series of literature known and novel
meso-tetraaryl- and meso-tetraalkyl- free base porphyrins and
bis(chlorido)tin(IV) meso-tetraaryl- and meso-tetraalkylporphyr-
ins with varying R* moieties at the meso position were
prepared. For these studies, literature known bis(chlorido)tin(IV)
para-substituted (H, Me, t-Bu) meso-tetraarylporphyrins (2a–2c),
as well as, newly reported bis(chlorido)tin(IV) para-substituted
meso-tetra(n-butylphenyl)porphyrin (2d) and bis(chlorido)tin(IV)
meso-tetraalkylporphyrins (Me, n-Pr, n-Bu) (2e–2g) were pre-
pared and characterized. The solubility of the free base

Table 2. Selected bond lengths [Å] and angles [°] for 2a–2d and 2f–2g.

2a[24] 2b 2c 2d 2f 2g

Sn� Cl 2.420(1) 2.444(2) 2.4007(13) 2.4250(11) 2.4631(4) 2.460(2)

Sn� N’ 2.098(2) 2.099(6) 2.091(3) 2.090(3) 2.0915(12) 2.095(7)

Sn� N’’ 2.098 2.099(5) 2.091(3) 2.101(3) 2.0940(13) 2.100(7)

Cl� Sn� Cl 180.0 180.0 180.0 180.0 180.0 180.0

N’� Sn� Cl 90.0 89.93(19) 90.0 89.58(9) 90.75(4) 90.000(1)

N’’� Sn� Cl 90.0 90.94(16) 90.0 89.64(9) 89.82(4) 88.8(2)

Table 3. Table of interactions (values in [Å]) in the extended solid state for presented bis(chlorido)tin(IV) meso-tetraarylporphyrins (2a–2d, 2f–2g) and
reported values for literature known bis(chlorido)tin(IV) meso-tetraarylporphyrins.

Substance C� H···Cl (methyl) C� H···pyrrole (methyl) C� H···aryl (aryl) C� H···pyrrole (pyrrole) C� H···aryl

2a[24] 3.06 – – 2.94 –

2b 2.82–3.11 – 3.28 2.97–3.12 2.74–2.83

2c 3.17–3.35 2.83–3.40 – – –

2d 2.76–3.18 – 2.91 2.78–3.01 2.14–3.41

2f 2.91–3.10 – – – –

2g 2.82 2.98–3.13 – – –

p-COOMe[23] – – – 2.76–2.88 –

p-pyridine[21] 2.71 – – – –

p-OMe[22] 2.78 – – – –

Figure 8. Crystal packing diagram for 2d C� H···π interactions and C� H···Cl
contacts highlighted by dashed bonds. All non-carbon atoms shown as 30%
shaded ellipsoids. Hydrogen atoms not involved in intermolecular inter-
actions omitted for clarity.

Figure 9. Crystal packing diagram for 2g. C� H···π interactions and C� H···Cl
contacts highlighted by dashed bonds. All non-carbon atoms shown as 30%
shaded ellipsoids. Hydrogen atoms not involved in intermolecular inter-
actions omitted for clarity.
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porphyrins and the respective bis(chlorido)tin(IV) derivatives
were evaluated relative to the nature and length of the R*
moiety, as well as compared to the respective free base
porphyrins. Meso-tetraalkylporphyrins are generally less soluble
than para-substituted meso-tetraarylporphyrins. For both alkyl-
and aryl-substituted porphyrins, overall solubility increases with
the longer chain length on the para position with 2d as the
most soluble. Therefore, this makes 2d the best candidate for
future employment of tin(IV) porphyrins in applications such as
in bulk-heterojunction solar cells, where enhancement of the
solubility of the bis(chlorido)tin(IV) meso-tetrasubstitutedpor-
phyrins could prove beneficial.

Experimental Section
General Procedures: All reactions were carried out under argon
using common Schlenk techniques. Flasks were flame-dried before
its use. Argon 5.0 was used as received. Organic solvents were dried
via a solvent drying system from Innovative Technology Inc. DCM
was purchased from VWR Int. dried with P4O10, distilled and stored
in Schlenk flasks. Deuterated solvents were (C6D6, CDCl3) were
purchased from Deutero GmbH and dried with standard proce-
dures. H2TPP(1a) 97% was purchased from ABCR GmbH & Co KG
and used as received. n-BuLi (1.6 M in hexane) and BF3 ·OEt2 (48%)
were purchased from Acros organics. SnCl2 · 2H2O was purchased
from Riedel de Haën. Pyridine and propionic acid were purchased
from Merck Millipore KGaA. Pyrrol, p-Chloranil and all used
aldehydes were purchased from Sigma Aldrich and used as
received.

Elemental Analysis was performed on a VARIO micro cube (Heraeus
Elementar) for CHN.

NMR Measurements were acquired either on a RS2D 300 MHz
spectrometer (1H: 300 MHz, 119Sn: 111.8 MHz, 13C:75.5 MHz) or on a
RS2D 400 MHz spectrometer (1H:400 MHz, 119Sn:149 MHz,
13C:100.6 MHz). As reference TMS (δ=0 ppm) was used for 1H-NMR
and 13C-NMR, Me4Sn (δ=0 ppm) for 119Sn-NMR. 119Sn-MAS-NMR
spectra under magic angle spinning (MAS) conditions were
recorded on a 500 MHz Avance spectrometer (Bruker) with a
nominal magnetic field of 11.7 T.

UV/Vis Measurements were performed at a “Cary 60 UV-VIS” from
“Agilent Technologies”. F. Menges “Spectragryph - optical spectro-
scopy software”, Version 1.2.16, 2022, http://www.effemm2.de/
spectragryph/ was used for illustration. Due to the poor solubility of
2e, a saturated solution of 2e in benzene was centrifuged for 1 h at
2000 rpm and filtered through a 0.20 μm CHROMAFIL® Xtra PTFE-
20/25 filter prior to measurement.

Electron ionization (EI+ , 70 eV, source at 250 °C) mass spectra were
acquired on a JMS� T2000GC (AccuTOFTM GC-Alpha) from JEOL Ltd.
(Tokyo, Japan) equipped with a direct insertion probe (DIP). 0.5 μL
of a solution of the sample (c=0.05 mg/mL in CHCl3) were placed
in the glass cup used for DIP, dried under ambient conditions, and
transferred into the vacuum. Mass spectra were continuously
acquired (mass range: 50–750 Da; 2.5 spectra/s; resolution: appr.
30000 FWHM) while the sample was heated from room temper-
ature to 450 °C. Data were processed using msAxel (version 4.0).

MALDI-TOF mass spectrometry was performed on a Waters micro
MX time-of-flight mass spectrometer. Ions were generated by
irradiation just above the threshold laser power (laser: wavelength
337 nm, operated at a frequency of 5 Hz). Positive ion spectra were
recorded in reflectron mode and externally calibrated with a

suitable mixture of poly(ethyleneglycol)s (PEG). The spectra of appr.
100–150 shots were averaged. Samples were prepared by mixing a
solution of DCTB (c=10 mg/mL in CHCl3) and a solution of the
sample (c=0.05 mg/mL in CHCl3) in the cap of a microtube in a
ratio of 10 :1 (v/v). 0.5 μL of the resulting mixture were deposited
on the sample plate (stainless steel) and allowed to dry under
ambient conditions. Analysis of data was done with MassLynx 4.1.

Single crystal X-ray Crystallography

Deposition Number(s) 2262999 (1d), 2263000 (2b), 2263001 (2c),
2263002 (2d), 2263003 (2f), 2263004 (2g) contain(s) the supple-
mentary crystallographic data for this paper. These data are
provided free of charge by the joint Cambridge Crystallographic
Data Centre and Fachinformationszentrum Karlsruhe Access Struc-
tures service.

Further information on single crystal X-ray crystallography can be
found in the supporting information.

Synthesis of 1b–1d: 190 ml of propionic acid was transferred into
a three neck round bottom flask and heated to reflux, then
simultaneously, 5 ml of pyrrole (0.072 mol, 1 eq.) and 0.074 mol
(1.03 eq.) of the respective aldehyde were added dropwise. A color
change from yellow to dark red/purple was observed. The reaction
was kept under reflux for 1 h. After cooling to RT, the product
precipitated and was filtered off. Residual side products were
removed by washing with 200 ml hot deionized water and 300 ml
methanol.

Synthesis of 1e–1g: 10.5 ml pyrrole (1 eq., 0.15 mol) and 0.15 mol
of the respective aldehyde were added to 1 L of dry DCM and
purged with argon for 30 min. Then, 3.5 ml of boron trifluoride
etherate (28 mmol) was added dropwise and stirred overnight.
After adding 27.7 g p-Chloranil (0.11 mol), the mixture was refluxed
for 1 h. After cooling to RT, the mixture was run through an alumina
column and further purified via column chromatography on
alumina using dichloromethane/cyclohexane.

Synthesis of 2a-2g: 1.70 mmol of the corresponding free base
porphyrin and 5.1 mmol SnCl2 · 2H2O were added into a round
bottom flask and dissolved in 100 ml of pyridine. Afterwards, the
reaction mixture was refluxed for 4 h. A color change from purple
to greenish/blue was observed. After cooling to RT, 100 ml of
deionized H2O was added to the crude product and stirred for 15
minutes. The precipitate is then separated by centrifugation at
2000 rpm for 20 minutes. Afterwards the precipitate was washed
with 100 ml deion. H2O, 100 ml 6 M HCl and 100 ml deion. H2O. The
precipitate was dissolved in CHCl3, filtered and the solvent removed
via rotary evaporation. This resulted in an amorphous purple
powder.

All synthesized compounds were decomposed after 300 °C (mp
(Decomposition): >300 °C).

Solubility Measurements: Solubility measurements were performed
by preparing a highly saturated solution of the porphyrins in
chloroform, benzene, DME and heptane. Then 5–20 ml of solution
were filtered through a 0.20 μm CHROMAFIL® Xtra PTFE-20/25 filter
and pumped to complete dryness and weighed via a Kern ALS200-
4 scale. Standard deviation was less than 5% for all compounds.

Experimental data for 1a–1g and 2a–2c are according to
literature.[2,10–14]

Dichloro[5,10,15,20-tetra(4-butylphenyl)porphyrinato]tinIV
(Cl2SnTn-BuPP, 2d): Isolated yield: 65% (1.11 mmol) purple powder
recrystallized from chloroform to give purple blocks for single
crystal XRD
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1H-NMR (300 MHz, C6D6): δ 9.21 (s, 4JSnH 14.88 Hz, 8H; β-pyrrolic-H);
8.21 (d, 3JHH 7.5 Hz, 8H; Ar-o-H); 7.61 (d, 3JHH 8.3 Hz, 8H; Ar-m-H); 2.99
(t, 8H; CH2CH2CH2CH3); 1.95 (tt, 8H; CH2CH2CH2CH3); 1.62 (qt, 8H;
CH2CH2CH2CH3); 1.12 ppm (t, 12H; CH2CH2CH2CH3);
119Sn-NMR (111.8 MHz, C6D6): δ � 588 ppm (s); 13C-NMR (100.6 MHz,
CDCl3): 146.5 (s), 143.3 (s), 138.0 (s), 135.0 (s), 132.7 (s, 3JSnC 15.4 Hz),
127.1 (s), 121.3 (s), 35.8 (s), 33.8 (s), 22.7 (s), 14.2 ppm (s); UV/Vis
(C6H6, λ(nm)/ɛ [105 Lmol� 1 cm� 1]): 410/0.39, 430/8.50, 565/0.24,
605/0.22; elemental analysis calcd (%) for C60H60Cl2N4Sn: C 70.19, H
5.89, N 5.46; found: C 70.22, H 5.88, N 5.35; MALDI-TOF-MS(DCTB)
m/z (%): 1026.34 [M+ req 1026.32], 991.35 (100) [(M� Cl)+

req 991.35];

Dichloro[5,10,15,20-tetra(methyl)porphyrinato]tinIV (Cl2SnTMeP,
2e): Isolated yield: 60% (1.02 mmol) blueish grey powder
119Sn (MAS-NMR, referenced to SnO2 at � 604 ppm): δ � 588 ppm (s)
UV/Vis (C6H6, λ(nm)/ɛ [105 Lmol� 1 cm� 1]): 408/0.14, 429/2.50,
575/0.05, 616/0.08; elemental analysis calcd (%) for C24H20Cl2N4Sn: C
52.03, H 3.64, N 10.11; found: C 50.11, H 3.40, N 7.32; MALDI-TOF-
MS(DCTB) m/z (%): 554.01 [M+ req 554.01], 519.04 [(M� Cl)+

req 519.04];

Dichloro[5,10,15,20-tetra(n–propyl)porphyrinato]tinIV (Cl2SnTn-
PrP, 2 f): Isolated yield: 60% (1.02 mmol) purple powder recrystal-
lized from chloroform to give green blocks for single crystal XRD
1H-NMR (400 MHz, CDCl3): δ 9.84 (s, 4JSnH 15.86 Hz, 8H; β-pyrrolic-H),
5.12 (t, 8H, CH2CH2CH3), 2.73 (q, 8H; CH2CH2CH3), 1.40 ppm (t, JCH
106 Hz, 12H; CH2CH2CH3);

13C-NMR (100.6 MHz, CDCl3): 146.2(s),
130.5 (s, 3JSnC 34.13 Hz), 120.6 (s), 38.7 (s), 38.6 (s), 15.8 ppm (s);
2D-1H-119Sn-HMBC-NMR (149 MHz, C6D6): δ � 587 ppm (s) 119Sn
(MAS-NMR, referenced to SnO2 at � 604 ppm): δ � 591 ppm (s) UV/
Vis (C6H6, λ(nm)/ɛ [105 Lmol� 1 cm� 1]): 408/0.24, 429/3.98, 572/0.09,
612/0.15; elemental analysis calcd (%) C32H36Cl2N4Sn: C 57.69, H
5.45, N 8.41; found: C 56.63, H 5.49, N 7.71; MALDI-TOF-MS(DCTB)
m/z (%): 666.13 [M+ req 666.13], 631.16 (100) [(M� Cl)+ req 631.17];
DIP-MS (EI+ , 70 eV, source at 250 °C) m/z: 666.1326 [M+

req 666.1327], 631.1641 [(M� Cl)+ req 631.1644], 596.1968 [(M-2Cl)+

req 596.1963];

Dichloro[5,10,15,20-tetra(n-butyl)porphyrinato]tinIV (Cl2SnTn-
BuP, 2g): Isolated yield: 65% (1.11 mmol) purple powder recrystal-
lized from chloroform to give purple blocks for single crystal XRD
1H-NMR (400 MHz, CDCl3): δ 9.85 (s, 4JSnH 14.33 Hz, 8H; β-pyrrolic-H),
5.14 (t, 8H, CH2CH2CH2CH3), 1.91 (tt, 8H; CH2CH2CH2CH3), 1.21 (qt,
8H; CH2CH2CH2CH3), 1.19 ppm (t, 12H; CH2CH2CH2CH3);

13C-NMR
(100.6 MHz, CDCl3): δ 145.6 (s), 129.9 (s, 3JSnC 28.7 Hz), 120.3 (s), 41.3
(s), 36.1 (s), 24.0 (s), 14.4 ppm (s); 2D-1H-119Sn-HMBC (149 MHz,
C6D6): δ � 587 ppm (s) 119Sn (MAS-NMR, referenced to SnO2 at
� 604 ppm): δ � 591 ppm (s) UV/Vis (C6H6/ɛ [105 Lmol� 1 cm� 1]):
422/0.34, 429/3.50, 523/0.25, 573/0.09, 613/0.15; elemental analysis
calcd (%) C36H44Cl2N4Sn: C 59.86, H 6.14, N 7.79; found: C 57.74, H
6.07, N 7.20 M; MALDI-TOF-MS(DCTB) m/z (%): 722.20 [M+

req 722.20], 687.23 (100) [(M� Cl)+ req 687.23]; DIP-MS (EI+ , 70 eV,
source at 250 °C) m/z: 722.1930 [M+ req 722.1954], 687.2244
[(M� Cl)+ req 687.2271], 652.2575 [(M-2Cl)+ req 652.2590];

Supporting Information

Additional references cited within the Supporting
Information.[41–56]
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