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Highlights:

e Redistribution reaction on a six fold coordinated Sn(IV)atom display an equilibrium

e The equilibrated reaction is thermally activated

e Accessing axially unsymmetrical substituted porphyrins via bypassing the equilibrium
e Three single crystal XRD structures of unsymmetrical substituted Sn(IV)porphyrins

e NMR studies on scrambling reactions on higher coordinated Sn(lV) atoms
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ABSTRACT:

Investigations of the Kocheshkov redistribution reaction were performed on the six fold
coordinated tin(IV) atom using the axially coordinated Sn(IV) meso-tetra-phenylporphyrin
system with axially trans di-chloro and frans di-acetylido substituted derivatives. The immobile
four dentate porphyrin ligand enables the detailed investigation of these typically complex
reaction systems on higher coordinated tin(IV) species. The thermally activated reaction displays
an equilibrium. Further on, a series of axial unsymmetrically substituted Sn(IV) porphyrins are

selectively synthesized and described.

KEYWORDS:

Kocheshkov, Redistribution reaction, axially asymmetric substituted Sn(IV) porphyrin

INTRODUCTION

The effort of organometallic Sn'Y compounds to undergo redistribution reactions is long known
in literature for organometallic halides like the generation of R4.,SnCl, (n= 1-3) from the educts
R4Sn and ClsSn. [1] This so called “Kocheshkov reactions” [IPA: k a d3 o t k o f] were subject of
detailed research considering different ligands [2] [3] [4] and on corresponding reaction
dynamics. [3] [5] However, the ability of redistributing ligands is very manifold and takes place
besides organic substituents and halides also between e.g. organic substituents and hydrides [6]
[5] or between halides and hydrides [7]. Regarding the reactions among organic substituents and
halides, it is nowadays well established to consider these reactions as equilibria [3] [5] with
equilibrium constants far on the side of the mixed species. [2] [3] However, these statements
were mainly derived from species containing tin in the oxidation state +IV and with a
coordination number of four.

The situation becomes more difficult, if the coordination number is raised to five or six, as
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depending on the ligand situation, the number of reaction products may increase. [5] Thus
detailed investigation of one single redistribution reaction is often hindered. Nevertheless,
redistribution reactions on higher coordinated molecules bearing Sn as the central atom were
observed. [8] [9] [10] [11] [12] Overall, from these reactions is concluded, that migration on
higher coordinated Sn species takes place much faster than on fourfold coordinated tin species
and requires lower temperatures for the induction of migration. Further on, “reverse Kocheshkov
reactions” are observed, giving de-mixed species. [9]

In order to achieve coordination numbers higher than four, oligo dentate ligands were mainly
used in above literature. Despite the obvious assumption, that monodentate ligands should be
preferred for migration over oligo dentate ligands, as dissociation requires more energy, bidentate
ligands were found to exchange too, even next to monodentate ones. [9] [10] Therefore, the
herein used ligand meso- tetraphenyl porphyrin, being a four dentate ligand with two covalent
bonds to the metal center, was found to be a convenient system to study the redistribution
reaction on higher coordinated Sn species. Sn'" atoms coordinated by this system prefer the
coordination number six having two additional ligands in the axial positions preferably trans to
the porphyrin ring plane. Migration of substituents therefore takes place mainly related to the two
axial ligands, enabling the investigation of a rather simple and defined redistribution reaction on a
six fold coordinated Sn' species according to Figure 1. Further on, we herein show a synthetical
approach towards the selective synthesis of axially asymmetric substituted tin(IV) porphyrins. A
compound class, which might gain upcoming importance due to increased solubility and thus

wider applicability in e.g. opto-electronic devices.
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RESULTS AND DISCUSSION:

The starting compound of all performed investigations was compound (1), which is accessible by
literature known methods. [13] Compound (2) is synthesized by the reaction of compound (1)
with two equivalents of lithiated 4-biphenylethyne as previously reported. [14] The redistribution
reaction towards compound (3) was performed and investigated by reacting equimolar amounts
of compounds (1) and (2) in toluene according to Figure 1. After reflux heating for about 20

hours under inert atmosphere an equilibrium is reached giving a mixture of compounds (1), (2)

and (3).
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Figure 1. Reactions to asymmetric substituted Sn(IV) porphyrins

The quantitative progress of the Kocheshkov reaction was followed via "H-NMR spectroscopy by
the relative integrals of the B-H-atoms of compounds (1), (2) and (3) and partially by the ortho-H-
atoms of the axial ligand of compound (2) and (3) as shown in Figure 2. For a nomenclature of
the hydrogen atoms see Figure 4. Corresponding 'H-NMR shifts and important coupling

constants are listed in Table 1.
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Figure 2. '"H-NMR in C¢Dg showing progress of Kocheshkov reaction
over reflux time in toluene for the educt ratio of (2):(1) = 3:1
3 Gy Sen™” Sttaxia "’sn
m. RX RX e e o
(ppm) (Hz) (ppm)/(Hz) (ppm)/(Hz) (ppm)
(1 c c 9039 147 d:787/7.1 - -588.6
@ TRTTR 9.14 775 d R4 d7630/83;,d5.:42/83; 6259
3 R C 909 110 d:8.07/7.4; d:7.90/7.4; d:6.29/8°5; d:5.48135; 6104
@ TRTTTOH .09 81 d:8.08/6.6; d:7.99/6.8; d7629779; & 5.44/7.9; 51 77.25; 5919
() TRTTTOEL 9095 8§37 dR04/78; d:8.01/856; 4629784, d:5.44/8 3, ¢11.75/6.8; r-1.93/68 5968
(6) OH TOH T 9.045 91 d:7.97/6.0 711 568.0%

* in CDCl;; R= para-bisphenylethynyl
Table 1. Significant NMR parameter of RR’SnTPP in C¢Dg

The rate of conversion is determined by setting the relative integral of the f-H-atom of (3) in

relation to the sum of the corresponding integrals of (1), (2) and (3). Applying these conversion

rates over the retlux times reveals the equilibrium state for each reaction after certain reflux time.

This is demonstrated in Figure 3 for two different educt ratios of (2) to (1).
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Figure 3. Rate of conversion of Kocheshkov reaction for different educt ratios of (2):(1),
inlays: 'H-NMR spectra of B-hydrogen region after 25h

For all tested reactions (used educt ratios of (2):(1) = 3:1, 2:1, 1:1, 1:3) , the equilibrium state is reached
after approx. 24 hours in refluxing toluene. The corresponding equilibrium constant was determined with
different educt ratios, and was found to be 15+£3 (n=5) in refluxing toluene. Thus, the equilibrium is
clearly shifted to the product side of the reaction. This is in contrast to literature, where “reverse
Kocheshkov reactions” are observed. [9] Attempts to shift the equilibrium constant by changing
temperature works for 90°C and 120°C giving K= 6 and 25, but fail for temperatures above 120°C due to
evolving decomposition. Shifting K at lower temperatures also failed, as keeping a previously in toluene
refluxed and equilibrated reaction solution at 25°C for 100h, did not show significant changes. It is
therefore concluded, that this reaction is a static equilibrium, with the assumed backreaction from the

equilibrated state being kinetically hindered at lower temperatures.

As a proof of concept, the redistribution reaction was also tested-with different axial ligands (R= phenyl or
n-pentyl) and found to work as well ending up in an equilibrated state. Detailed investigations on their

equilibrium constants were not performed.

Isolation of compound (3), if synthesized over the redistribution reaction of (1) and (2) is difficult due to
the described equilibrium. Thus, the highest achieved purity of (3) was 75 % with impurities from (1) and
(2). Parts of the corresponding 'H-NMR spectrum displaying the p-H and the axial H region with enriched

compound (3) are depicted in Figure 4. A possible way to deal with the existence of educts as side
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products is the suppression of one of the two educts (1) or (2) by using an educt ratio (2):(1) of 3:1 or 1:3.

This ends up in the compound ratio (2):(3):(1) of either 16:17:1 or opposite.

(3)
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Figure 4. Selected parts of "H-NMR spectrum in C¢Ds of filtrate with enriched (3),
starting educt ratio of (2):(1) ~ 1:1

Beside the side products from the equilibrium, additional side products may arise from hydrolysis
of compound (2) to compounds (4) and (6), thus working under inert atmosphere is strongly
required. The partial hydrolysis of (2) to (4) proceeds faster, than the actual equilibrated
Kocheshkov reaction. The elucidation of the hydrolyzed side products (4) and (6) can be done
either by the high field shifted "H-NMR signals at - 7.25 and - 7.11 ppm in Ce¢Ds of the axial
hydroxy groups, or by the *J1y-119g, coupling constants of 8.06 and 9.05 Hz to the p-H-atom,
which significantly differ from 11.0 and 14.7 Hz for compounds (3) and (1). Interestingly, the
hydrolysis reaction from (2) to (4) opens up a direct way to synthesize compound (4) by reacting
two equivalents of H,O with (2) under reflux in benzene for 6h. A similar approach is known in
lit. [15] for vicinal diols and can be applied for the synthesis of compound (5) by reacting 2 eq of

EtOH with compound (2) in benzene. Compound (5) is sensitive towards moisture and hydrolysis
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within minutes to compound (4) by releasing EtOH. Attempts to allocate the reactivity of this
partial hydrolysis/alcoholysis to the acidolysis reaction of compound (2) with HCI to give (3)
failed, as the addition of 1 eq HCl to compound (2) yielded predominantly an equimolar mixture
of compound (2) and (1). Thus, the chlorination of compound (3) with HCl is preferred over the
chlorination of compound (2).

Another way of generating compound (3) is the reaction of (2) with chloroform. This is however
accompanied by the generation of side products. Thus, CDCl; as the NMR solvent should be

excluded. A similar reaction was recently published. [14]

Finally, a selective route for the synthesis of compound (3) is given by the reaction of compound
(5) with one equivalent of Ph,PCl. (see figure 5) After 10 minutes, the reaction solution was
worked up, yielding pure compound (3). Subsequeiit analysis of the remaining extraction solution
by *'P-NMR (C¢Ds,121.4 MHz) revealed a strong signal at 28.9 ppm for Ph,P(=0)Et, [19] which
is the Arbuzov-rearrangement product of the primarily formed Ph,POEt. [20] Compound (3) is
more stable towards hydrolysis compared to (2) as evidenced by an unfinished hydrolysis

reaction after 100 h with 10 eq H,O.
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KT, 240 | RT, 10 mn |
Sn LT i e Sn —_— Sa
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R R \
(2) 8) Fr =0\ 3

Figure S. Selective synthesis of compound (3)

Above reaction products can be analyzed by ''*Sn-NMR spectroscopy. The measured ''*Sn-NMR
shifts are given in Table 1. As expected, the "19Sn- NMR chemical shift of compound (3) appears
nearby the mean value of the chemical shifts of (1) and (2). Representative '*Sn-NMR spectra of
equilibrated reaction solutions from the Kocheshkov redistribution reaction can be seen in the
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supporting information. In most 19Sn-NMR spectra, the FWHM of (3) is significantly higher

than in compound (2), displaying typical values of 40 vs. 30 Hz.

As shown in Figure 6 the UV VIS absorption spectra of compound (3) is located in the center of
the two educt spectra of (1) and (2), thus also the properties related to the optical absorption of
the porphyrin ring system seem to be averaged in (3). Main UVVIS transitions also for

compounds (4) and (5) are listed in Table 2.

194 —_ 1)
1 (3)
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Figure 6. UV VIS spectra of (1), (2) and (3) in C¢Hg, inlay: detailed spectra of Q-band region,

Table 2. UVVIS shifts of RXSn(IV) porphyrins

N(0,0) B(1,0) Soret B(0,0) Q(2,0) Q(1,0) Q(0,0)
nr. R, X A [3 A € A € A € A [3 A [3
(1) {ClL,Cl {338 0.03 {408 0.10 429 1.00 {520 0.01 { 563 0.03 | 601 0.02
@ iR/R 343 0.06 | 418 0.10 | 440 1.00 {540 0.01 { 582 0.03 | 625 0.05
(3) | R, Cl 338 0.08 | 412 0.11 i 434 1.00 {531 0.02 i 571 0.04 | 611 0.04
(4 {R,OH {338 0.10 { 413 0.12 | 434 1.00 {529 0.01 | 572 0.05 | 612 0.05
(5) i{R,OEt { 338 0.09 { 413 0.15{ 435 1.00 {530 0.03 { 572 0.05 | 612 0.04

A: wavelength (nm), €: rel. int. (1), R= 4-bisphenylethynyl

A clear differentiation between asymmetric substituted compounds (3), (4), and (5) was not

possible via UVVIS spectroscopy.

The asymmetric substituted Sn(IV) porphyrin derivatives (3), (4) and (5) were analyzed using

MALDI-TOF MS. In case of compound (3), the molecular peak [M]" at m/z= 944.22 was
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observed including fragmentation peaks for [M-C1]" and [M-R]" (R= p-biphenylethynyl).
Compounds (4) and (5) do not show the molecular peak, but give similar fragmentation peaks for

[M-X]", [M-R]" and [M-X-R]" (X= OH, OEt; R= p-biphenylethynyl).

Compound (2) shows polymorphic behavior in the solid state as demonstrated by two different
single crystal XRD structures measured at equal temperature of 100 K. The two XRD structures
are depicted in Figure 7. Selected bond lengths and angles can be found in Table 3. Main
differences of these two structures refer to the geometry of the axial ligand. While the
geometrical situation in the structure of (2a) is symmetric, the two axial ligands are different in
(2b). Therein, one axial ligand of (2b) is bent by an Sn-C=C angle of 132.9° while the opposite
one is 162.5°. This is in sharp contrast to the angles observed for (2a) which are both 177.5°. This
behavior supports the idea of a weak Sn-C bond as reported earlier. [14] Another difference
between the two structures refers to the enclosure of crystal benzene. Structure (2a) was
crystallized from cooling a hot benzene solution of (2), structure (2b) was crystallized by slow
evaporation of a benzene solution of (2) at room temperature. In the structure of (2a) four
benzene molecules are included in the unit cell, which are located in the vicinity of the axial
ligand, while (2b) does not contain any solvent molecule. A closer look to the packing
interactions around the axial ligand of these two structures reveals strong CH- & interactions for

(2b) between 2.7 to 2.5 A, while comparable interactions in (2a) are above 2.7 A.
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Figure 7. Polymorphic single crystal XRD structures of compound (2) and related packing
interactions of the axial ligand; left: crystals obtained by slow diffusion of benzene into
chlorobenzene (2b) A=2.54 A, B=329 A, C=2.74 A, C’=3.03 A, D=2.56 A, E=2.58 A; right:
crystals obtained by cooling of a refluxing benzene solution (2a) A=2.69 A, B=2.90 A, C=2.92
A, D=289 A, E=3.07 A, F=2.90 A, hydrogen atoms and phenyl groups not involved in packing
interactions partially omitted for clarity, different styles used for clarification.

The single crystal XRD structures of (4) and (5) can be seen in Figure 8. Certain bond lengths
and angles are depicted in Table 3. The crystals were grown by slow evaporation of benzene
solutions of corresponding compounds (4) and (5). No solvent molecule is included in the unit
cell of compound (4), while three benzene molecules are included in the unit cell of compound
(5). Significant disorder of the para positioned phenyl ring in axial position is observed for (4)

displaying 50% split positions.
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Figure 8. Single crystal XRD structures of compound (4) and (5). Hydrogen atoms and certain
phenyl groups partially omitted for clarity

The appearing Sn-O bond lengths of 2.06 A and 2.13 A fit to the literature known Sn-O bond

length of 2.08 A of a phenolate derivative in the axial position. [15] The C=C bond length of

1.14 A of compound (4) is short compared to typical 1.21 A of compounds (2), (5) and literature

known derivatives. [14] [38] However, comparison with the bond lengths 1.18 A from compound

(3) and 1.19 A of the phenolate derivative from literature [15] may indicate a possible influence

from the ligand in trans position and thus, gives rise to further investigations. Packing of (4) is in

contrast to compound (2) mostly determined by close contacts of the hydrogen atoms on the

phenyl ring in meso position to the porphyrin ring plane of adjacent molecules. Packing of

compound (5) is rather similar to the subsequent one of compound (3).

Table 3. Selected bond lengths [A] and angles [°] of (4-biphenylethynyl)XSnTPP

for compounds (2), (3), (4), (5)

(2a) (2b) 3) “) )
X 4-biphenylethynyl Cl OH OEt
Sn(IV)-X 2.171(3) 2.25(4) 2.4740(12) 2.057(8) 2.13(2)
Sn(IV)-C23 2.171(3) 2.12(3), 2.171(4) 2.195(13) 2.048(19)
C23=C24 1.206(3) 1.206(5), 1.209(5) 1.182(5) 1.141(19) 1.212(8)
Sn(IV)-N1 2.1173(18) 2.11(2) 2.107(2) 2.131(6) 2.122(17)
Sn(IV)-N2 2.1209(18) 2.082(17) 2.110(2) 2.108(8) 2.10(2)
Sn(IV)-C23=C24 177.4(2) 163(4), 133(3) 175.3(3) 180.0 154(2)
C23-E(IV)-X 180 177(2) 178.72(8) 180.0 176.5(8)
C23-E(IV)-N1 91.44(8) 90.3(18) 93.38(11) 91.91(19) 91.3(7)
C23-E(IV)-N2 90.98(8) 92.9(18) 90.93(11) 90.7(2) 87.0(9)
C=C-C 178.7(3) 170(4), 163(4) 178.7(4) 180.0 174(3)
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The single crystal XRD structure of compound (3) is depicted in figure 9. Selected bond lengths
and angles are listed in table 3. Single crystals were grown from slow evaporation of a benzene
solution of compound (3). The Sn-Cl bond length of 2.47 A is slightly elongated compared to the
literature known bond length (2.42 A) observed for compound (1) [16], but is within the expected
range for Sn-Cl bond lengths of octahedral coordinated Sn atoms with four nitrogen atoms in the
equatorial plane (from 2.40 A [17] to 2.52 A [18]). Observed Sn-C bond lengths of 2.17 A
display typical values compared to literature. [14] [15] [38] Regarding the packing of compound
(3), two benzene molecules are included per porphyrin molecule in the unit cell. Further on, the
single porphyrin molecules are arranged in a bimolecular layered build up structure built from
layers in cell directions a and b, with polar (chloride) sides on the outsides and apolar (organic)
sides on the inside of each double layer. The double layers seem to be separated from each other
in cell direction ¢ by the incorporation of benzene molecules. These benzene molecules undergo
several packing interactions of CH-m type and parallel displaced m- m type interaction with

adjacent porphyrin molecules.
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Figure 9. Single crystal XRD structure of compound (3) and related bimolecular layered build up
structure. Hydrogen atoms omitted for clarity.
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CONCLUSION:

The axially trans substituted Sn(IV) meso-tetra phenyl porphyrins serve as a convenient system to
study the Kocheshkov redistribution reaction between alkynyl ligands and chlorine atoms on a six
fold coordinated Sn(IV) atom. The immobile four dentate porphyrin ligand enables the study of
only two redistributing ligands, thus simplifying this typically complex reaction for higher
coordinated Sn(IV) species. In the investigated system, Kocheshkov reactions with equilibrium
constants of K ~15 are observed and are in contrast to literature, where “reverse Kocheshkov
reactions” are discussed.

Besides the literature known partial alcoholysis [15] and the above described partial hydrolysis,
the herein described Kocheshkov redistribution reaction and the selective back-chlorination using
chloro phosphanes, serve as new methods towards the preparation of axial unsymmetrically
substituted Sn(IV) porphyrins. These axially unsymmetrically substituted porphyrins have higher
solubilities compared to their symmetrically substituted educts and may therefore provide wider
applicability for example in opto-electronic devices, where solubilities of components play an

important role to achieve higher layer thicknesses.
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EXPERIMENTAL:

Material and Methods:

All reactions have been carried out under nitrogen or Argon using common Schlenk techniques.
Each flask was flame-dried before its use. Nitrogen was dried via a column of mole sieves (3 A)
and P4O;o. Argon 5.0 was used as released from the pressure cylinder. Organic solvents were
dried via a solvent drying system from Innovative Technology Inc. The water content was
determined using Karl-Fischer titration and was found to be less than 5 ppm. 4-
biphenylacetylene 99% was purchased from Sigma Aldrich and was used as received.
“AcroSeal” n-BuLi, 1.6 molar in hexane was purchased from Acros organics. TPPH; 97% was
purchased from ABCR GmbH & Co KG and was used as received. Deuterated solvents (CDCl3,
CgDg) were purchased from Deutero GmbH, VWR Int., dried with P40, distilled and stored in a
flask over molecular sieves (3 A). Elemental mass analyses were carried out using an Elementar

Vario instrument by Heraeus Elementar:

NMR-measurements were performed on a Mercury 300 MHz spectrometer (Varian) at ambient

temperature. Measurements of 'H (300 MHz) were carried out using TMS (8=0 ppm) as a
reference; measurements of broad band decoupled '"’Sn (111.8 MHz) were related to Me4Sn (8=0
ppm). Due to the low concentration in the reaction solutions (around 1 — 5 mmol/l), spectra were

recorded overnight. Measurements of *>'P (121.4 MHz) were related to 85% phosphoric acid (=0

ppm).

UV/VIS Spectra were acquired under inert atmosphere in quartz class cuvettes of thickness one

cm at a “Cary 60 UV-VIS* from “Agilent Technologies*.

MALDI TOF Spectra were recorded on a “MALDI micro MX*“ from “Waters®. Sample

preparation was done in the glovebox under argon atmosphere. The sample was dissolved in
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CH,Cl, and crystallized on the target either with or without matrix. Used matrix materials were
anthraline and DCTB. Ionization was performed using a laser with 337 nm. Mass filtration was
done using TOF analyzer incl. repeller. Calibration was done using a solution of NaTFA (1

mg/ml) with PEG1000 (5 mg/ml).

XRD (standard):

All crystals suitable for single crystal X-ray diffractometry were removed from a vial or a
Schlenk under N, and immediately covered with a layer of silicone oil. A single crystal was
selected, mounted on a glass rod on a copper pin, and placed in the cold N, stream provided by an
Oxford Cryosystems cryostream. XRD data collection was performed on a Bruker Apex II
diffractometer with use of an Incoatec microfocus sealed tube Mo Ko radiation (A=0.71073 A),
with graphite monochromator and a CCD area detector. Data collection was performed using ¢
and ® scans. Data reduction and cell refinement were done with Bruker SAINT. Empirical
absorption corrections were applied using SADABS or TWINABS [21] [22]. The structures were
solved with use of the intrinsic phasing option in SHELXT and refined by the full-matrix least-
squares procedures in SHELXL. [23] [24] [25]. Non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were located in calculated positions using standard bond lengths
and angles and refined using a riding model. The space group assignments and structural
solutions were evaluated using PLATON. [26] [27] Electrostatic non-covalent intermolecular
interactions [28] [29] [30] [31] for presented and published compounds were based on a
Cambridge Structural Database search and fall within expected ranges. Centroids and planes were
determined by features of the programs Mercury [32] and Diamond [33]. All crystal structures
representations were made with the program Mercury. Table 4 contains crystallographic data and

details of measurements and refinement for compound (2a). CCDC 1986147 contains the
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supplementary crystallographic data for compound (2a). These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.

XRD synchrotron:

Single crystals of the axially asymmetric substituted porphyrins have been of small size with at
least two dimensions being in the 10-20 pum range. These crystals diffracted poorly on the
standard inhouse XRD, thus making the higher brilliance of synchrotron radiation necessary to
improve diffraction. Crystal data were therefore collected at 100K at the XRD1 beamline of the
Elettra Synchrotron, Trieste (Italy) [34], using a monochromatic wavelength of 0.700 A. The data
sets were integrated and corrected for Lorentz, absorption and polarization effects with the XDS
package [35] The structures were solved by direct methods using SHELXT program [25] and
refined using full-matrix least-squares implemented in SHELXL-2018/3 [36]. Thermal motions
for all non-hydrogen atoms have been treated anisotropically for dataset of (4). Hydrogens have
been included on calculated positions, riding on their carrier atoms. The Coot program was used
for structure building [37]. The crystal data are given in Table 9. Crystallographic data have been
deposited at the Cambridge Crystallographic Data Centre and allocated the deposition numbers
CCDC 1986147, 1985527, 1985525, 1985528 and 1985526 for compounds (2a), (2b), (3), (4)

and (5). These data can be obtained free of charge via https://www.ccdc.cam.ac.uk/structures.
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Table 4. Crystallographic data of compounds (2), (4) and (3)
(2a) (2b) €)) “ (©)

Formula C84H58N4S1'1 C72H44N4Sl'l C70H49N4CISn C58H37N4OSn C64A5H46A5N40Sn
Mr, g mol-1 1242.03 1085.82 1100.27 924.6 1012.24
Cryst. size, mm? 0.1x0.1x0.01 0.05x0.01x0.005 0.1x0.05x0.02 0.08x0.03x0.01 0.12x0.07x0.02
Crystal system monoclinic monoclinic monoclinic monoclinic monoclinic
Space group P2l P2l 12/a C 2/ P21k
crystal color blue blue purple purple/blue purple/blue
Habit hexagonal rhombohedron thin plate blocks thin plate
a, A 14.0125(9) 23.555(5) 21.388(4) 16.991(3) 22.111(4)
b, A 10.7162(7) 10.894(2) 10.825(2) 18.983(4) 11.044(2)
c, A 21.3390(14) 20.461(4) 46.320(14) 13.539(3) 20.395(4)
o, deg 90 90 90 90 90
B, deg 96.534(4) 94.78(3) 91.85(3) 92.13(3) 93.71(3)
y, deg 90 90 90 90 90
v, A 3183.5(4) 5232.2(18) 10719(4) 4369.8(15) 4969.9(17)
Z 2 4 8 4 4
Rint 0.0776 0.1701 0.0736 0.0990 0.0673
Dcalcd, g cm-3 1.296 1.378 1.364 1.409 1.353
n(MoKay), cm-1 0.452 0.511 0.397 0.601 0.534
Temperature(K) 100 100 100 100 100
F(000), e 1280 2224 4512 1888 2078
20, deg 2.40-27.0 0.85-13.96 1.54-26.29 1.585-25.96 1.818-21.857
hkl ranee -17t017,-13to -~ =16 to 16, -7 to 7, -30 to 30, -15 to -21t021,-23t0  -23t023,-11to 11,

& 13, -27 to 27 -14to0 14 15, -66 to 66 23,-16to 16 -21to 21
Refl.
meassured/inde
pendent/ 40204694 6475/1768/772 101960716366/ 16761/4336/3080 32865/6162/2993

4984 10926

observed
[1>20(D)]
No. of
data/params/rest 6958/403/41 1768/218/129 16366/589/0 4336/298/23 6162/536/86
raints
dR;t;;VRZ (all 0.0623, 0.0685 0.2878,0.3514 0.0909, 0.1508 0.1301, 0.2354 0.2286, 0.3421

R1, wR2 (>20)

0.0328/0.0625

0.1352,0.2736

0.0548, 0.1325

0.0966, 0.2115

0.1527,0.2831
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Synthesis of compounds:

Compound (1) (CI,SnTPP) was synthesized acc. literature [13]. The known procedure and data
are given below. A one necked flask is fed with 2.00g TPPH; (3.08 mmol, 1 eq), 400 ml pyridine
and 1.6 g SnCl,.2H,0 (6.96 mmol, 1.5 eq). The violet reaction mixture is refluxed for 4 h turning
into a green solution. The solution is cooled and 400 ml of distilled H,O are added. The
precipitate is isolated via centrifugation at 2000 rpm for 15 minutes and washed with 50 ml of
H>04es/ HClag/H2Ogest. 6 molar HCl,q was found to work properly. The wet precipitate was dried
using the water trap with toluene and CHCls. Pure compound acc. to NMR, isolated yield: 60 %;
"H-NMR(C¢Ds, 300 MHz): 9.04(s, 8H, *Jsui 14.63 Hz), 7.87(d; 8H, *Juy 7.03 Hz), 7.38 (m, 12H);
198n(CeDe, 111.8 MHz): - 588.6 (s); UV/VIS (C¢Hg; Mnm)/rel Int): 338/0.032, 408/0.099,
429/1.00, 520/0.008, 563/0.034, 602/0.022, HRMS ((+)-MALDI, DCTB): m/z= 802.16 (calcd.
802.07 for C44HgN4SnCly, [M]"); m/z= 767.18 (caled. 767.10 for C44H2gN4SnCl, [M-CI]"),
Compound (2): E"Y = Sn, R= 4-biphenyl was synthesized acc. literature [14], washing solvent:
small amount benzene, solubilities in benzene and chlorobenzene: ~4 mmol/l and ~9 mmol/l mp:
> 285°C (decomposition), pure compound acc. to NMR, isolated yield: 75 % "H-NMR(C¢D, 300
MHz): 9.14(s, 8H, *Jsuu 7.81 Hz), 8.11 (dd, 8H, *Juy 7.62 Hz, *Jun 1.36 Hz), 7.42 (m, 12H), 6.84
(m, 6H), 6.75 (dd, 4H, *Jyy 7.10 Hz, *Juy 2.75 Hz), 6.30 (d, 2H, *Juy 8.45 Hz), 5.42 (d, 2H, Ty
8.45 Hz); '"”Sn(C¢Ds, 111.8 MHz): - 625.9 (s), '"*Sn(CDCls): - 627.9 (s); UV/VIS (C¢He; M(nm)/
rel Int): 292/0.136, 343/0.060, 418/0.095, 440/1.00, 540/0.009, 582/0.034, 625/0.048 C7,H46N4Sn
2CeHe (1085.89) found C 79.85 N 4.48 H 4.22 req C 79.64 N 5.16 H 4.27

Compound (3): R= 4-biphenyl, X=Cl:

By equilibrated redistribution reaction of compound (1) and (2): In a typical reaction for an

educt ratio of 1:1, 13.3 mg of (1) (16 umol, 1 eq) are mixed with 20.1 mg of (2) (0.016 mmol, 1
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eq) and placed in a Schlenk vessel. 3ml of chlorobenzene are added to the mixture and heated to
110°C for 20 h. The reactions solution is evaporated to dryness and dissolved in 1.5 ml hot
benzene and slowly cooled to room temperature. Filtration gives enriched compound (3) in the
filtrate with a purity of 75 %, being impure by 25 % of a mixture of (1) and (2).

Attempts by partial acidolysis of compound (2): In a typical reaction 8.0 mg of (2) (6 umol,
leq) were placed in a Schlenk vessel and dissolved in 2 ml C¢Hg. One eq of HCI dissolved in
Et,O (approx. 0.06 molar) was added dropwise at 5°C. The reaction was stirred for 1 hour.
Subsequent analysis via '"H-NMR in C¢Dg gave a product ratio for (1):(3):(2) of approx. 10:1:10.
By selective chlorination of compound (5) with Ph,P-Cl: In a typical reaction 9.1 mg of (5)
(9.5 umol, 1 eq) were placed in a Schlenk vessel and dissolved in 3 ml benzene. 63 pl of a stock
solution of Ph,PCl in benzene (0.15mol/1) (9.5 pmol, leq) were added dropwise. The reaction
was stirred for 10 min at room temperature. The reaction solution was evaporated to dryness and
washed with 1.5 ml Et,O three times. The remaining residue was dried in vacuum. Single crystals
suitable for XRD diffraction were obtained by slow evaporation of a benzene solution of
compound (3). solubility in benzene: ~25 mmol/l, m.p.: decomp. >300°C, purity acc. to NMR: 97

%, isolated yield: 62 %

"H-NMR(C¢Ds, 300 MHz): 9.09 (s, 8H, *Jsuu 11.25 Hz), 8.07(d, 4H, Ty 7.42 Hz), 7.90 (d, 4H,
I 7.44 Hz), 7.44 (m, 12H), 6.83 (m, 3H), 6.73 (dd, 2H, *Juy 7.02 Hz, *Jun 2.95 Hz), 6.29(d,
2H, *Jyu 8.30 Hz), 5.48(d, 2H, *Jun 8.30 Hz); 'Sn-NMR (C¢Ds, 111.8 MHz): -610.5 (s);
UV/VIS (Ce¢He; Mnm)/ rel Int): 338/0.080, 412/0.113, 434/1.000, 531/0.021, 571/0.038,
611/0.035, HRMS ((+)-MALDI, DCTB): m/z= 944.22 (calcd. 944.17 for CsgH37N4SnCl, [M]"),
m/z= 909.19 (calcd. 909.21 for CsgH37N4Sn, [M—Cl]+), m/z= 767.10 (calcd. 767.10 for

Ca4HN4SnCl, [M-Cy4Ho] ")
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Compound (4): R=4-biphenyl, X=0OH, is synthesized by partial hydrolysis of compound (2). In a
typical reaction 5.1 mg of (2) (0.004 mmol, 1 eq) are placed in a Schlenk vessel. 0.75 ml CsHg
are added. 1 eq of H,O (0.004 mmol) is incorporated by the addition of 0.75 ml wet C¢Hg (water
content determined by KF titration: 101.94+5.5 ppm). The reaction solution is heated to 80 °C for
6 h to give an equimolar mixture of 4-biphenylethyne and compound (4) in the NMR spectra.
Isolated yield: 82 %, '"H-NMR(C¢Ds, 300 MHz): 9.09 (s, 8H, *Js,i 8.06 Hz), 8.08(dd, 4H, *Juy
6.9 Hz), 8.00 (dd, 4H, *Juy 7.5 Hz), 7.44 (m, 12H), 6.83(m, 3H), 6.74(m, 2H), 6.30(d, 2H, *Juu
7.49 Hz), 5.44(d, 2H, *Jun 7.49 Hz), - 7.25 (s, 1H); ""”Sn-NMR (C¢Ds, 111.8 MHz): -591.9 (s);
UV/VIS (Ce¢He; AMnm)/ rel Int): 338/0.096, 413/0.122, 434/1.000, 529/0.014, 572/0.046,
612/0.046, HRMS ((+)-MALDI, DCTB): m/z= 909.23 (calcd. 909.21 for CssH3;N4Sn, [M-OH]"),
m/z= 749.14 (calcd. 749.14 for CssHpsN4SnCl, [M-C14H9]+); m/z= 732.10 (caled. 732.13 for

C44H2sN4Sn, [M-OH-C14Hs]")

Compound (5): R= 4-biphenyl, X=OEt: The reaction was performed by partial alcoholysis of
compound (2) with two equivalents of ethanol close to literature. [38] In a typical reaction 11.8
mg of (2) (9.5 umol, leq) were placed in a Schlenk vessel and dissolved in 3 ml benzene. 0.08ml
of a stock solution of ethanol in benzene (0.12mol/l) (19 umol, 2eq) were added dropwise. The
reaction is stirred for 24h at room temperature to give a bluish-green solution. The solution is
evaporated to dryness and the hydrolyzed ligand R-C=C-H was removed by sublimation to give a
98% pure compound according to NMR, isolated yield: 73 %, m.p.: decomp. >300°C, 'H-
NMR(CsDs, 300 MHz): 9.095 (s, 8H, “Jsun 8.37 Hz), 8.07(m, 8H), 7.41 (m, 12H), 6.83 (m, 3H),
6.74 (m, 2H), 6.29 (d, 2H, *Juy 8.35 Hz), 5.44(d, 2H, *Jyy 8.30 Hz); -1.75 (q, 2H, *Jun 6.81 Hz), -
1.93 (t, 3H, *Juy 6.81 Hz); '"’Sn-NMR (C¢Ds, 111.8 MHz): -596.8 (s); UV/VIS (C¢Hg; AM(nm)/ rel

Int): 338/0.087, 413/0.149, 435/1.000, 530/0.030, 572/0.048, 613/0.042, HRMS ((+)-MALDI,
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DCTB): m/z= 909.10 (calcd. 909.21 for CsgH37N4Sn, [M-OEt]+), m/z= 777.09 (calcd. 777.17 for

C44H23N4SDC1, [M-C14H9]+); m/z=732.07 (calcd. 732.13 for C44H28N4Sn, [M-OE'[-C14H9]+)
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