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1. Introduction 
Now days, macrocyclic chemistry is a growing area of 

research in inorganic and bioinorganic chemistry in view 

of its biological significance. Macrocyclic complexes are 

considered to mimic the synthetic models of 

metalloporphyrin and metallocorrins due to their intrinsic 

structural properties1,2. A large number of macrocyclic 

derivatives have been used in analytical, industrial and 

medical field3,4. Macrocyclic metal chelating agents are 

useful for detecting tumor lesions5.  Macrocyclic 

complexes have also received special attention because 

of their mixed soft-hard donor character and versatile 

coordination behavior and their pharmacological 

properties 6,7,8,9,10,11.   

Tin template is important by virtue of supramolecular 

chemistry12. Organotin (IV) derivatives containing 

reactive Sn-O bonds have been used in number of 

organic transformations13. The difficulty in direct 

condensation reactions to provide the ring products in 

preference to the polymeric materials represents the 

major barrier towards the efficient synthesis of 

macrocyclic structures. To overcome the barrier, an 

alternative method to synthesize macrocyclic compounds 

is one in which metalloid derivatives serve as a covalent 

template for the construction of cyclic compounds from 

cyclic precursors14,15. Already some macrocyclic 

compounds using organotin (IV) dicarboxylates as 

covalent templates have successfully been synthesized 

and characterized16. The development of efficient and 

novel synthetic route to new macrocycles is a worthy 

endeavor that will aid the design of a vast variety of new 

macrocyclic compounds17.In the present paper, we are 

reporting new macrocyclic compounds having different 

hetero atoms via ring-opening condensation of new tin 

templates bearing labile tin-hetero atom bond. 

 

2. Experimental Methodology 
 2.1 Materials 

 Dibutyltin oxide and ligands (L1H, L2H, L3H and L4H) 

were purchased from Sigma and were used as such. All 

the reactions were carried out under anhydrous 

conditions. The solvents used were dried before use 

according to the literature method18,19. 

2.2 Instruments and Measurements  

Melting points were determined in a capillary tube on an 

electro-thermal melting point apparatus. IR spectra for 

the complexes 1-4 were recorded on a Perkin Elmer 

FTIR spectrophotometer at 4000-200cm-1. The 1H NMR 

and 13C NMR were recorded on a Bruker Avance II 400 

NMR Spectrometer. All chemical shift values were 

reported with respect to TMS as internal solvent. CHN 

analysis of the samples was performed on the Perkin 

Elmer model 2400 C H N analyzer. 

2.3 Preparation and characterization 

2.3.1 STEP I: Formation of Tin Templates (A-D) 
Tin templates (A-D) were prepared by refluxing the 
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solution of dibutyltin (IV) oxide [1 mmol] and the 

ligands (L1H, L2H, L3H and L4H) [1mmol], which were 

dissolved in a mixture of dry benzene (30 ml) and 

methanol (10 ml). The reaction mixture was then heated 

at reflux and the water removed by azeotropic 

distillation. The dibutyltin (IV) oxide dissolved within 10

-15 minutes to give a clear solution.  Refluxing was 

further continued for 3-4 hours and the contents were 

filtered and then cooled. Excess of solvent was removed 

by distillation to leave behind a solid complex. All the 

solid complexes were recrystallized from the mixture of 

methanol and hexane (5:1) and dried in vacuo at 40-50ºC 

for 2-3 h. Purity of the complexes was checked by TLC 

using silica gel G as adsorbent. 

2.3.2 STEP II: Formation of Macrocyclic compound 

Adipoyl dichloride (0.001mol) was then added to the 

solution of dibutyltin (IV) ligands (L1H, L2H, L3H and 

L4H) in dry carbon tetrachloride (50 cm3) under dry 

conditions and the mixture was refluxed (80ºC) for 5-6 

hours. After removal of excess of solvent by distillation 

under reduced pressure, the reaction mixture was cooled. 

A white solid product separated which was filtered off 

and the filtrate was evaporated to yield white crystals of 

Bu2SnCl2. The white product (macrocyclic compound) 

was washed with petroleum ether (B.P 60-80ºC) to 

remove the last traces of Bu2SnCl2 and was then re-

crystallized from dry carbon tetrachloride.  

 

3. Results and discussion  
The interaction of Bu2SnO with ortho-phenylenediamine 

(L1H), 4-chlorocatechol (L2H), butane dithiol (L3H) and 

3-carboxypropyldisulphide (L4H) in 1:1 (Metal: Ligand) 

molar ratio lead to the formation of macrocyclic 

compounds 1-4, via tin template with an azeotropic 

removal of water (Scheme I). All the compounds 1-4 

were obtained in a good yield of 62-68% and are soluble 
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Scheme 1:Formation of Macrocyclic Compounds 1-4 
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in chloroform with one drop of dimethyl sulfoxide. 

These were stable towards air, moisture and identified by 

elemental analysis (Table I). 

3.1  Spectroscopic data  

3.1.1. Infrared spectra 

Characteristic IR frequencies (in cm-1) for 1-4 are 

presented in table II. The data reveal that the peaks due 

to C=O and C-O in the spectra of 1-4 are observed in the 

1705-1602 cm-1and 1268-1412 cm-1 regions. The 

presence of ѵ(C-O-C) values for 4 at 1021 cm-1 shows 

the asymmetric nature of the anhydride linkages. The 

absence of ѵ (Sn-O), ѵ (Sn-N), ѵ (Sn-S) and ѵ (Sn-C) 

bands at 475, 426, 350 and 500 cm-1 respectively, 

confirms the formation of 1-44,21.  A band due to OH 

stretching in 3345-3334 cm-1, N-H stretching in 3340-

3400 cm-1 and S-H stretching in 2500-2600 cm-1  regions 

present in free ligands is absent in 1-4. 

3.1.2  Multinuclear (1H and 13C) NMR Spectra  

3.1.2.1 1H NMR spectra 
1H NMR spectral data of organotin (IV) complexes is 

presented in Table III. The proton NMR of 1-4, show the 

absence of signals due to dibutyltin group and the 

presence of signal due to the methylene protons in the 

range of δ 0.90-4.54 ppm, confirms the incorporation of 

diacyl moiety and expulsion of dibutyltin groups as 

dibutyltin dichloride. The proton signals in all the 

macrocyclic compounds suffer slight downfield shift 

compared with the dibutyltin templates, which may be 

due to the two or more carbonyl groups from 

diacyldichloride. The methylene protons of diacyl moiety 

which have been incorporated in the macrocycles have 

been identified. All the protons in the complexes 1-4 

have been identified and total numbers of protons 

calculated from the integration curves are in agreement 

to those calculated by incremental method19. 

3.1.2.2 13C NMR Spectra 
13C NMR spectral data along with the assignment of 

characteristic peaks of all the synthesized organotin (IV) 

complexes are presented in table IV. In the spectra of 1-

4, the number of signal found corresponds with the 

magnetically non equivalent heterotropic carbon atoms. 

The disappearance of butyl carbon signals and the 

appearance of methylene carbon signals in the range of δ 

13.0-50.6 ppm confirm the formation of macrocyclic 

compounds. All magnetically non-equivalent carbons of 

alkyl or phenyl groups attached to the tin have been 

identified and their chemical shifts are in close 

Int. J. Fundamental Applied Sci. Vol. 1, No. 3 (2012) 30-33 Macrocyclic compounds using organotin complexes as intermediates 

Sr. 

No. 

Compound 

No. 

Physical 

State 

Melting 

Point 

(º C) 

Yield 

(%) 

Molecular 

Formula 

Molecular 

Weight 

  

Contents (calcd/found),% 

C H 

1. 1 White solid 125 62 C12H12N2O2 216.21 66.65/66.64 5.59/5.58 

2. 2 Light brown 

solid 

143 68 C12H11ClO4 254.64 56.59/56.60 4.35/4.33 

  

3. 3 White vis-

cous solid 

 135 65 C10H16O2S2 232.34 51.69/51.67 6.93/6.95 

4. 4 White solid 178 63 C14H20S2O6 348.40 48.26/48.28 5.78/5.77 

Table I. Elemental analysis and some physical properties of macrocyclic compounds.  

Serial 

No. 

Compound 

no. 

ν (C=O) ν(C-O) Ѵ(C-O-C) 

1. 1 1602 1268   

2. 2 1700 1278 1084 

3. 3 1657 1375   

4. 4 1705 1412 1021 

TableII: Characteristic IR frequencies (in cm-1) of macrocyc-

lic compounds 

Serial 

No. 

Compound 

no. 

Phenyl  protons Aliphatic protons 

1. 1 6.90-7.43 1.07-4.54 

2. 2 6.37-7.43 1.19-3.66 

3. 3  - 1.51-3.05 

4. 4  - 0.90-3.14 

Table III: 1H NMR chemical shifts (δ, ppm) of macrocyclic 

compounds. 

Serial 

No. 

Com-

pound no. 

C=O Ph-C Aliphatic 

Carbon 

1. 1 173.2 126.1-108.4 24.2-50.6 

2. 2 169.7 120.9-112.8 13.0-39.9 

3. 3 161.6 -  14.6-35.7 

4. 4 174.0  - 23.8-40.3 

Table IV. 13C NMR spectral data of organotin(IV) complexes 
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agreement with the reported values20,21. 

 

Conclusion 
The yield of macrocyclic compounds 1-4 ranged from 62

-68%. We have prepared organotin templates; which are 

used as intermediate for making titled macrocyclic 

compounds 1-4, as well as variety of other compounds 

that could be used for soft metal complexation. The 

formation of macrocyclic compounds 1-4 is well 

supported by above studies. 
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