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5.11 Introduction 

Overr the past few years the use of porphyrins as molecular building blocks has played an 

importantt role in the construction of new supramolecular architectures.' Various 

functionalizationss on the porphyrin systems have contributed to the versatility of these 

buildingg blocks in supramolecular chemistry.2'3,4 Especially, zinc(Il) porphyrins have been 

appliedd because of the selective coordination of nitrogen based ligands to the axial 

coordinationn site of the zinc(II) metal (Figure 1). Combinations of zinc(II) porphyrins and 

variouss pyridyl functionalized ligand systems allow assembly in well-defined supramolecular 

architecturess such as square tetramers and octamers.5'6'7 An exiting application for these 

supramolecularr architectures has been found in supramolecular catalysis.8 Catalytically active 

transitionn metal catalysts have been combined with strategically placed receptor/host 

moieties,, zinc(II) porphyrins and/or steric bulk in order to enhance the selectivity and activity 

inn catalysis.9'10 

^ ^^ \ A / %_J 
>NN NA 

Figuree 1. The assembly of pyridine to zinc(II) porphyrin. 

Besidess zinc(II) porphyrins as building blocks for the function of supramolecular assemblies 

severall  other metalloporphyrins that coordinate ligands with nitrogen donor atoms have been 

appliedd such as ruthenium, palladium and magnesium porphyrins.11'12'13 More recently, the 

dihydroxotin(IV)) porphyrins14'15 have been used as building blocks utilizing the selective 

coordinationn of ligands with oxygen donor atoms. Carboxylate, alkoxide and phenoxide have 

shownn to be suitable ligands as they displace the hydroxo groups of dihydroxotin(IV) 

porphyrinss quantitatively.'6'7 The ligand exchange proceeds via an interesting hydrogen 

bondedd intermediate, after which the assembled carboxylatotin(IV) porphyrin complexes form 

withh the loss of water (figure 2).'4 Once formed, these carboxylatotin(IV) porphyrin 

complexess are kinetically stable and, in absence of acid, only exchange ligands over a period 

off  weeks.18 
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Figuree 2. The assembly mechanism of benzoic acid to dihydroxotin(IV) porphyrin. 

Severall  examples reported in the literature show that the complexes based on the assembly of 

dihydroxotin(IV)) porphyrins and ligands with oxygen donor atoms are perfectly suited for 

supramolecularr assembled architectures.19 For example, Sanders reported a heterometallic 

oligoporphyrinn assembly, based on the combination of covalent and noncovalent interactions, 

usingg tin(IV), zinc(II) and ruthenium(II) porphyrins.20 The advantage of this multi-

componentt assembly via the complementary binding properties of the porphyrin building 

blockss is the ability to prepare new supramolecular assemblies in a controllable manner, 

whichh yielded several molecular arrays and higher ordered structures.*" ' 

Wee recently reported that the pyridine units of pyridylphosphine compounds selectively 

coordinatee to zinc(II) porphyrins with high binding constants.23 Importantly, after 

complexationn to the zinc(II) porphyrin the phosphorus donor atom is still available for 

transitionn metal complexation. The assembled complexes based on the pyridine phosphorus 

ligandss and zinc(II) porphyrins yield active transition metal catalysts and this ligand assembly 

conceptt provides a new tool to control the catalytic properties. Here we report the assembly of 

carboxylicc phosphorus ligands to dihydroxotin(IV) porphyrins. The carboxylic groups 

coordinatee to the tin(lV) metal in a selective manner as can be observed in NMR-

spectroscopy,, yielding new phosphorus ligand assemblies. These so-called supramolecular 

ligandss are able to coordinate transition metal catalysts, leading to novel supramolecular 

catalystt systems. Another feature of these selective metal-ligand interactions is the possibility 

too introduce functionalities via the dihydroxotin(IV) porphyrin moiety on the carboxylic 

phosphoruss ligand, which can change the ligand properties substantially. Practically insoluble 

transitionn metal complexes based on carboxylic phosphorus ligands are highly soluble in the 

organicc phase after addition of dihydroxotin(IV) porphyrins, which illustrates the high 

versatilityy of these supramolecular ligand systems based on selective carboxylato-tin(IV) 

porphyrinn interactions. 
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5.22 Results and discussion 
SynthesisSynthesis of the building blocks 

Too study these novel supramolecular ligand systems several building blocks were prepared. 

Thee phosphorus ligands containing carboxylic groups (a-c) were prepared according to 

standardd literature procedures and were easily obtained in reasonable yields (chart l).24,25 As 

templatee molecules, dihydroxotin(IV) porphyrins 1 and 2 were obtained in high yield from 

theirr dichlorotin(IV) porphyrin analogues a similar procedure as reported by Crossley and co-

workers.15 5 

aPxrC 0 0 HaPxxC 0 0 Ha^^ o uo 
óó ó óC00H ó 

Chartt 1. 

TheThe assembly of carboxylic phosphorus ligands and dihydroxotin(IV) porphyrin 

Thee coordination behavior of carboxylic phosphine ligand a to waso-phenyl dihydroxotin(IV) 

porphyrinn 1 was studied using NMR spectroscopy. The addition of two equivalents of a to a 

solutionn of 1 resulted instantaneously in large upfield shifts of the protons on the aryl ring of a 

inn the ' H-NMR spectrum (chloroform-dg, A8H1 =3.15 ppm and A5H2 =1.12 ppm), caused by 

thee shielding effect of the porphyrin ring (figure 3). The typical signal of the hydroxyl group 

off  1 at -7.55 ppm in ' H-NMR spectroscopy disappeared as well as the broad resonances of the 

'free'' (unbound) carboxylic acid resonance, which corroborates the formation of 

dicarboxylatotin(IV)) porphyrin complex l(a)2. A similar behavior has been observed 
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previouslyy for the complexation of benzoic acid to phenyl dihydroxotin(IV) porphyrin 1, 

yieldingg comparable upfield shifts in 'H-NMR spectroscopy. 

PPh, , 

HO O 

Sn n 

HO O 

1 1 

PPh2 2 

HOO O 

H20 0 

Figuree 3. Porphyrin induced shifts (A5/ppm) for H1 an H2 after formation of the dicarboxylatotin(IV) 
porphyrinn complex l(a)2. In each case A8 = 8 (complex) - S (free acid). 

Inn the 31P-NMR-spectra the coordination of a to dihydroxotin(IV) porphyrin 1 resulted also in 

aa chemical shift of phosphorus resonance (A8P(a) =1.01 ppm). Gradual addition of porphyrin 

11 to a solution of a in chloroform-d (1/a = 0.3) yielded two distinct signals in the 3IP-NMR 

spectraa (5p(a) = -4.45 ppm and 5P(l(a)2) = -5.46 ppm), which shows that 

dicarboxylatotin(IV)) porphyrin complex l(a)2 is in slow exchange on the NMR spectroscopy 

timescalee (300 MHz, 298K) with excess 'free' carboxylic a present (figure 4). 

00 equiv. 1 

0.33 equiv. 1 l|| 1(a)2 
^ ^ . " ^ - . " ^ > V V 

^^AVI^VZ-HVW^*.' '""^*' 1^ ^^  «>-V4^^V^V'W\4>T--uv^***«^V(- -rt^« . 

-2.00 -2.5 -3.0 -3.5 -4.0 -4.5 -5.0 -5.5 -6.0 -6.5 -7.0 -7.5 

Figuree 4.31P-NMR-spectra of carboxylic phosphine a in the presence of 0, 0.3 and 0.5 equivalents of 
dihydroxotin(IV)) porphyrin 1. 
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Tablee 1.- P-NMR spectroscopic data of the assembly based on carboxylic phosphorus ligands and 
dihydroxotin(lV)) porphyrins. 

Complex x 

l(a)2 2 

2(a)4 4 

b b 

l(b)2 2 

c c 

1(C)2 2 

8(( P)-phosphine (ppm) 

-4.45 5 
-5.46 6 
-5.46 6 
-4.79 9 
-5.74 4 
-3.38 8 
-4.72 2 

Increasingg the amount of 1 (1/a = 0.5) yielded exclusively the formation of complex l(a)2, 

whichh indicates that two molecules of a are coordinated to the dihydroxotin(IV) porphyrin 

templatee 1. Larger 1/a ratios did not affect the phosphorus signal in 3IP-NMR spectroscopy, 

whichh demonstrates that complex l(a)2 forms stable supramolecular ligand systems. The 

additionn of dihydroxotin(IV)porphyrin to 3-carboxyphenyldiphenylphosphine b and 2-

carboxyphenyldiphenyl-phosphinee c resulted also in a chemical shift of phosphorus atom in 
311 P-NMR spectroscopy (A5P(b)= 0.95 ppm and A8P(C) = 1.34 ppm, table 1). 

Ph2P P PPh2 2 
-5.477 ppm 

Figuree 5. Phosphorus signals in the 3IP-NMR spectroscopy (ppm) for the assembled cw-[Pt(l(a)2)2Cl2] 
complexx 3. 

Thesee experiments implicate that in the assemblies formed the phosphorus atom is not 

involvedd and therefore still available for coordination to catalytically active transition metals. 

Indeed,, on mixing two equivalents of in situ prepared l(a)2 with [Pt(CH3CN)2Cl2] an 

assemblyy was formed with the transition metal sandwiched between the two porphyrin 

buildingg blocks. The 31P-NMR-spectra in chloroform-d showed the formation of a cis-
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[Pt(l(a)2)2Cl2]]  complex 3, yielding two distinct phosphorus signals of the non-coordinated 

andd coordinated phosphorus (8Pt.P = 13.82 ppm, JP,.P = 3674 Hz and 8P = -5.47 ppm, figure 5). 

Att these concentrations the formation of polymers was not observed. 

Interestingly,, the experiments performed using the assembly of dichloro[(4-

carboxyphenyl)diphenylphosphine]-platinum(II)) 4 (= m-[Pt(a)2Cl2]) and dihydroxotin(IV) 

porphyrinn 1 showed assembly and improved solubility. Complex 4, like many other 

carboxylicc phosphorous transition metal complexes, is practically insoluble in the most 

commonn organic solvents and only highly polar solvents, like methanol, have shown to be 

suitablee solvents for these transition metal complexes." 

Surprisingly,, the addition of two equivalents of dihydroxotin(IV) porphyrin 1 in chloroform-d 

too the "insoluble" solid complex 4 resulted in instantaneous solvatation of the platinum 

complex.. It was found that the carboxylic groups coordinated instantaneously to the 

dihydroxotin(IV)) porphyrin 1, yielding a highly soluble platinum complex. As was evident 

fromm the 31P-NMR-spectra, a cis-platinum complex was obtained (8Pt_P = 13.82 ppm) with a 

similarr platinum-phosphorus coupling constant as found for complex 3 (JPt.P = 3674 Hz). 

Uponn subsequent addition of two equivalents of a to c(s-[Pt(l»a)2Cl2], we obtained the same 

NMR-spectraa as found for cw-[Pt(l(a)2)2Cl2] complex 3. This shows that c«-[Pt(l»a)2Cl2] 

initiallyy formed already leads to very soluble complexes." 

4:: (insoluble) 5: (soluble) 

Figuree 6. The assembly bis porphyrin 2 and complex 4 leads to the assembled complex 5 cis-
[Pt(2(a)2)Cl2]]  5. 

Biss porphyrin 2 consists of two dihydroxotin(IV) metal ions, enabling the coordination of four 

carboxylicc phosphorous ligands. The complexation of two or more carboxylic units on a bis 

tin(IV)) porphyrin template 2, yields the formation of an in situ assembled multidentate 

phosphoruss ligand that potentially can act as a chelating ligand system similar to those based 
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onn bis zinc(II) porphyrin and 4-pyridyldiphenylphosphines bidentate ligands.28 The 

coordinationn behavior of carboxylic phosphine ligand a to bis dihydroxotin(IV) porphyrin 2 

wass studied. The addition of four equivalents of a to 2 resulted in comparable chemical shifts 

inn 'H- and 31P-NMR spectroscopy (8p(2(a)4) = -5.46 ppm) as found for the assembly based 

onn dihydroxotin(IV) porphyrin 1. In addition, the hydroxotin(IV) signal of 2 at -7.4 ppm in 

H-NMRR spectrum disappeared as well as the carboxylic acid resonance of a. In a separate 

experimentt one equivalent of bis porphyrin 2 in chloroform-d was added to 'insoluble' solid 

c«-[Pt(a)2Cl2]]  complex 4, which resulted in the formation of the highly soluble cis-

[Pt(2(a)2)Cl2]]  complex 5 (figure 6). The concomitant 31P-NMR-spectra corroborated the 

formationn of a cis-platinum complex 5 (8Pt_P = 13.88 ppm, JPt.P = 3694 Hz). The coordination 

behaviorr of these bidentate ligand systems to transition metals was further studied via the 

additionn of a stoichiometric amount triphenylphosphine d to the in situ formed cis-

[Pt(2(a)2)Cl2]]  5, which showed that bidentate ligand 2(a)2 was not a strong chelating ligand, 

sincee the 31P-NMR spectra showed several platinum-phosphorus complexes. The addition of 

200 equivalents of d yielded predominantly cis-[Pt(d)2Cl2] complex. This is in contrast to the 

biss zinc(II) porphyrin analogue with two equivalents 4-pyridyldiphenylphosphine, which did 

showw a chelating effect for the assembled bidentate ligand system in the presence of 

triphenylphosphine.288 Likely, the geometry of this assembly is unfavorable for the formation 

off  chelating bidentates and/or triphenylphosphine is a stronger coordinating ligand due to 

electronicc properties. 

AssembliesAssemblies of dihydroxotin(IV) porphyrins and carboxylic phosphorus as ligands in transition 

metalmetal catalysis. 

Thee supramolecular ligand assemblies based on dihydroxotin(IV) porphyrins 1 and 2 and 

carboxylicc phosphorus ligands a-c were used in the rhodium-catalyzed hydroformylation of 

1-octenee (Scheme 1). The hydroformylation experiments were carried out under 20 bar of 

syn-gass (H2/CO = 1/1) at 80 °C in toluene and the results are depicted in table 2. 

[Rh] ] 

H 2 /CO O --°--° + R-^Y + R' 
H^X) ) 

Schemee 1. Rhodium catalyzed hydroformylation of alkenes. 
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Tablee 2. 

ligandb b 

a a 

l(a)2 2 

l«a a 
l » a +l l 

Hydroformylationn of 1-octene using different rhodium catalysts 
assemblies:: variation of the dihydroxotin(IV) 

1/aa ratio 

0 0 
0.5 5 

1.0 0 
2.0 0 

T.O.F.cc l / b d 

(*103) ) 

0.055 2.8 
2.22 2.1 
2.11 2.1 
0.88 2.6 

porphyrin/phosph h 

2-octenee e 

(%) ) 
0.9 9 
1.1 1 
1.1 1 
0.6 6 

andd their 
inee ratio. 

porphyrin n 

linear0 0 

(%) ) 
73.0 0 
66.5 5 
67.1 1 
71.8 8 

(a)) [Rh(acac)(CO)2] = 0.084 mmol/1 in toluene, pressure = 20 bar (CO/H2 =1/1), 1-octene/rhodium = 5160, 

inn none of the reactions hydrogenation was observed, (b) [phosphine] = 0.84 mmol/1, (c) T.O.F. = average 

turnn over frequency = (mol aldehyde)(mol Rh) l h', the reaction was stopped after 1 hour (80 °C), (d) 1/b = 

linear/branchedlinear/branched ratio, (e) percent selectivity to 2-octene and percent selectivity to linear aldehyde based on 

convertedd 1-octene. 

Ligandd a showed a low catalytic activity in rhodium-catalyzed hydroformylation in toluene 

(T.O.F.. = 50), which is most likely due to the inhibiting effect of carboxylic acids on this 

reaction.. The formation of inactive rhodium carboxylate complexes results in decreased 

concentrationn of the active hydrido rhodium complex, with concomitant lower activity.29 

Amongg other reasons is the low solubility of the active rhodium complex in most organic 

solvents.. Previously this low solubility was explained by the formation of polymeric rhodium 

structuress by intermolecular reaction of the carboxylic group and the rhodium hydride.24 In 

contrast,, the assembled ligand system l(a)2 and l«a resulted in a large increase in catalytic 

activityy and the catalytic behavior these assembled ligand systems is comparable with other 

monodentatee phosphine ligands in the rhodium-catalyzed hydroformylation of 1-octene.24 

Thesee results suggest that the assembly of carboxylic phosphorus ligands and dihyroxotin(IV) 

porphyrinss cap the acid groups and prevents the formation of rhodium carboxylates and 

insolublee polymeric structures, yielding active supramolecular catalysts systems. The systems 

aree stable under catalytic conditions and do not lead to polymer formation. Importantly, the 

presencee of excess of dihydroxotin(IV) porphyrin (1/a = 2) retards the reaction rate. This was 

corroboratedd by the hydroformylation of 1-octene using triphenylphosphine d as the ligand 

performedd in the presence and absence of dihydroxotin(IV) porphyrin 1; a significant drop in 

reactionn rate was observed upon addition of 1 (table 3). It can be anticipated that the 

dihydroxotin(IV)) porphyrin 1 is to acidic and coordinates to the rhodium, yielding inactive 

rhodiumm species. 
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Tablee 3. Hydroformylation of 1-octene using different rhodium catalyst assemblies: variation of 
phosphinee and porphyrin building blocks.3 

ligandb b 

d d 
11 +d 
2{a)2 2 

2{a)4 4 

b b 
Kb)2 2 

2(b)4 4 

c c 

1(c): : 
2(c)4 4 

T.O.F.C(*10-1) ) 

1.7 7 
0.5 5 
2.4 4 
2.3 3 
0.7 7 
2.0 0 
2.0 0 
0.01 1 
0.03 3 
0.3 3 

l / b d d 

2.7 7 
2.7 7 
2.1 1 
2.1 1 
2.8 8 
2.6 6 
2.5 5 
2.7 7 
2.4 4 
2.1 1 

2-octenee(%) ) 

1.5 5 
1.3 3 
0.8 8 
1.0 0 
1.1 1 
0.8 8 
0.4 4 
2.6 6 
2.4 4 
1.7 7 

linear'(%) ) 

71.9 9 
72.0 0 
66.9 9 

66.3 3 
72.8 8 
71.4 4 
70.9 9 
71.3 3 
68.1 1 
67.4 4 

(a)) [Rh(acac)(CO)2] = 0.084 mmol/1 in toluene, pressure = 20 bar (CO/H; = 1/1), 1 -octene/rhodium = 5160, 

inn none of the reactions hydrogenation was observed, (b) [phosphine] = 0.84 mmol/1, (c) T.O.F. = average 

turnn over frequency = (mol aldehyde )(mol Rh) 'h ', the reaction was stopped after 1 hour (80 °C), (d) 1/b = 

linear/branchedd ratio, (e) percent selectivity to 2-octene and percent selectivity to linear aldehyde based on 

convertedd 1-octene. 

Thee use of multidentate ligand assemblies 2(a)2 and 2(a)4 resulted also in a large increase in 

catalyticc activity in the rhodium-catalyzed hydroformylation, giving similar results as found 

forr l(a)2 and l»a. This implicates that 2(a)2 and 2(a)4 do not show a distinct bidentate ligand 

behaviorr as found for covalently linked bidentate ligands30"31 and the assembled ligand 

systemss based on bis zinc(II) porphyrin and 4-pyridyldiphenylphosphine, which typically 

resultt in lower activity.28 

3-carboxyphenyldiphenylphosphinee b resulted in moderate activity in the rhodium-catalyzed 

hydroformylationn of 1-octene (T.O.F. = 0.7*  103), which is fairly higher than found for ligand 

a.. The corresponding assembled supramolecular ligands l(b)2 and 2(b)4 resulted in an 

increasee activity. These results are comparable with those obtained for the assemblies based 

onn a, and suggest that the capping of the acid group of b by dihydroxotin(IV)porphyrins 1 and 

22 leads also to soluble active catalyst, which are based on the assemblies l(b)2 and 2(b)4. 

Thee catalyst formed by 2-carboxyphenyldiphenylphosphine c showed hardly any activity in 

thee hydroformylation of 1-octene and was found to be slower than the catalyst formed by a 

(T.O.F.. = 10). In contrast with the ligand assemblies l(a>2 and l(b)2 the addition of 

dihydroxotin(IV)) porphyrin 1 to c did not result in a large increase in catalytic activity (T.O.F. 

== 30). Nevertheless, the catalytic reaction mixture based on ligand l(c)2 was found to be 

homogeneouss and the low activity cannot be addressed to the formation of polymeric 

structuress and corresponding poor solubility of the assembled catalyst system. A possible 

explanationn for the poor activity of l(c)2 in the hydroformylation of 1-octene is rhodium P-0 
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coordinationn under reaction conditions.32 Surprisingly, the catalyst formed by multidentate 

2(c)44 did show a thirty fold increase in catalyst activity (T.O.F. = 0.3*10"). The tenfold 

differencee in activity between the catalysts formed by l(c)2 and 2(c)4 indicates that 2(c)4 leads 

too a more active catalyst systems. It can be anticipated that in the case of multidentate 2(c)4 

moree rhodium bisligated phosphorus complexes are formed, caused by chelation of the 

phosphoruss donor atoms. Whereas, monodentate l(c)2 can only form chelating complexes via 

P-OO coordination with a correspondingly low activity. 

5.33 Conclusion 
Wee have shown that supramolecular ligands can be prepared via the assembly of carboxylic 

phosphoruss ligands and dihydroxotin(IV) porphyrin building blocks. The assembled 

structuress are based on selective oxygen coordination to tin(IV) porphyrins and yield a new 

classs of supramolecular phosphorus ligand systems. The various assembled ligand systems are 

characterizedd by NMR spectroscopy and it has been shown that the phosphorus donor atom is 

nott involved in the assembly and thus still accessible for transition metal coordination. We 

observedd a large change in ligand properties of the carboxylic phosphines, caused by the 

assemblyy on the porphyrin template. In the rhodium catalyzed hydroformylation of 1-octene 

inn toluene the addition of dihydroxotin(IV) porphyrins to carboxylic phosphorus rhodium 

complexess yielded active catalyst systems and reaction rate enhancements up to forty fold 

weree observed. The assembly of carboxylic phosphorus ligands and dihyroxotin(IV) 

porphyrinss was found to cap the acid groups, which prevents the formation of rhodium 

carboxylatee complexes and insoluble polymeric structures, yielding active supramolecular 

catalystss systems. A second ligand assembly effect was observed upon using 2-

carboxyphenyldiphenylphosphinee c and dihydrotin(IV) porphyrins 1 and 2. The catalyst 

formedd by the multidentate 2(c)4 resulted in tenfold more active catalyst than l(c)2, while both 

catalystt system yielded homogeneous reaction mixtures. This shows that variation of the 

dihydroxotin(IV)) porphyrin as well as variation of the carboxylic phosphorus building blocks 

changee activity and selectivity in the rhodium-catalyzed hydroformylation of 1-octene. This 

workk clearly shows that assembly of catalysts is not limited to selective coordination of 

nitrogenn containing phosphorus ligands to zinc(II) porphyrins, but the dihydroxotin(IV) 

porphyrinss in combination with carboxylic phosphorus ligands can be used as well. This 

openss up the way to more complicated assemblies based on complementary binding motives. 
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5.44 Experimental Section 

Generall  Procedures. Unless stated otherwise, reactions were carried out under an 

atmospheree of argon using standard Schlenk techniques. THF, hexane and diethyl ether were 

distilledd from sodium benzophenone ketyl, CH2C12, isopropanol and methanol were distilled 

fromm CaH2 and toluene was distilled from sodium under nitrogen. NMR spectra ('H, 3IP and 
13C)) were measured on a Bruker DRX 300 MHz and Varian Mercury 300 MHz; CDC13 was 

usedd as a solvent, if not further specified. Mass spectra were recorded on a JEOL JMS 

SX/SX102AA four sector mass spectrometer; for FAB-MS 3-nitrobenzyl alcohol was used as 

matrix.. Elemental analyses were obtained on an Elementar Vario EL apparatus. Gas 

chromatographicc analyses were run on an Interscience HR GC Mega 2 apparatus 

(split/splitlesss injector, J&W Scientific, DB-1 J&W 30 m column, film thickness 3.0 jam, 

carrierr gas 70kPa He, FID Detector) equipped with a Hewlett-Packard Data system (Chrom-

Card). . 

Materials.. With exception of the compounds given below, all reagents were purchased from 

commerciall  suppliers and used without further purification. Diisopropylethylamine and 

triethylaminee were distilled from CaH2 under argon. The following compounds were 

synthesizedd according to published procedures: carboxylic phosphorus ligands a-c,24,25 

phosphoruss platinum complexes,26 dihyrdoxotin(IV) porphyrin 1 and bis porphyrin.33 

5,10,15,20-tetrakisphenyl5,10,15,20-tetrakisphenyl dichlorotin(lV) porphyrin 

5,10,15,20-tetrakisphenyll  porphyrin (1.0 g, 1.64 mmol) was dissolved in 200 ml pyridine and 

tin(II )) chloride dihydrate (1.0 g, 4.4 mmol) was added and the mixture heated at reflux for 3 

hours.. Excess water was added to precipitate the product which was then filtered, washed 

withh water, 1 mol/1 hydrochloric acid solution, water and air dried to give 5,10,15,20-

tetrakisphenyll  dichlorotin(IV) porphyrin (1.1 g, 83 %) as a purple solid, mp >300 °C. The 

compoundd had identical 'H NMR properties to those reported by Arnold:16c 'H NMR (300 

MHz):: 5 9.22 (s, 8H, satellites %_s„  = 15.3 Hz), 8.31-8.34 (m, 8H), 7.80-7.84 (m, 12H). 

5,10,15,20-tetrakisphenyl5,10,15,20-tetrakisphenyl dihydroxotin(lV) porphyrin 1 

Potassiumm carbonate (800 mg, 5.8 mmol) and 5,10,15,20-tetrakisphenyl dichlorotin(IV) 

porphyrinn (280 mg, 0.348 mmol) were dissolved in a mixture of 150 ml tetrahydrofuran and 

400 ml water and heated at reflux for 3 hours. The organic solvent was removed and the 

aqueouss layer was extracted with 100 ml dichloromethane. The organic layer was washed 

withh water (2 x 80 ml) and then dried over anhydrous sodium sulfate, filtered and then the 

solventt was removed to give the crude product, which was then recrystallized from 

110 0 



ChapterChapter Five 

hexane/dichloromethanee (1/1) to give 5,10,15,20-tetrakisphenyl dihydroxotin(IV) porphyrin 1 

(2422 mg, 91%) as a metallic purple crystalline solid, mp >300 °C. The compound had 

identicall  lH NMR properties to those reported by Arnold:16' 'H NMR (300 MHz): 8 9.13 (s, 

8H,, satellites %_s„  =11.1 Hz), 8.30-8.34 (m, 8H), 7.80-7.86 (m, 12 H), -7.50 (br s, 2 H, Sn-

OH). . 

bisbis dihydroxotin(IV) porphyrin 2 

Thiss compound was prepared as described for 1, using bis porphyrin yield (89 %) as a purple 

solid:: 'H NMR (300 MHz): 8 9.25 (d, 4H, J = 4.8 Hz), 8 9.16 (s, 12H, satellites VH_sn = 13.3 

Hz),, 8.36 (m, 16H), 7.91 (dd, 2H, J = 5.4 and 3.3 Hz), 7.87-7.80 (m, 18H), 7.66 (dd, 2H, J = 

5.44 and 3.3 Hz), 7.60 (d, 4H, J = 8.9 Hz), 5.75 (s, 4H), -7.38 (br s, 2H, Sn-OH); 13C-ATP 

(75.4655 MHz) 8 159.28, 147.26, 146.97, 146.94, 146.89, 141.58, 136.76, 136.18, 135.53, 

135.40,, 134.50, 133.06, 132.96, 129.64, 129.91, 128.50, 128.48, 128.47, 127.25, 127.23, 

125.79,, 121.48, 121.41, 121.35, 113.81. MS (FAB+): m/z calcd. for C96H67N806Sn2 ([MH+]): 

1663.3;; anal, calcd. for C96H66N806Sn2: C, 69.25; H, 4.00; N, 6.73. Found: 69.52; H, 4.23; N, 

6.36. . 

Catalysis. . 

TheThe hydroformylation experiments were performed as follows. A stainless steel 25 ml 

autoclave,, equipped with a teflon stirring bar, was charged with 0.42 |umol of 

[Rh(acac)(CO)2],, 4.2 umol of phosphorus ligand and 0.017 ml of dipea in 4.0 ml of toluene. 

Thee solution was incubated for 1 hour (80 °C) under 16 bar CO/H2 (1/1). A mixture of 0.34 

mll  1-octene and 0.17 ml of decane in 0.67 ml of toluene was added and the CO/H2 pressure 

wass adjusted to 20 bar. The mixture was stirred at for 1 hour (80 °C). Then the autoclave was 

cooledd down to 0 °C and the pressure was reduced to 1.0 bar. A sample was taken and the 

conversionn was checked by GC measurement of the crude product after filtration over a plug 

silicaa to remove the catalyst. 
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