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Abstract

:

2,4,6-Tris(4-iodophenyl)-1,3,5-trimethylbenzene was synthesized from 2,4,6-triphenyl-1,3,5-trimethylbenzene, using [bis(trifluoroacetoxy)iodo]benzene as the iodinating agent. The title compound was characterized by means of NMR, IR, and mass spectrometry, as well as TG analysis.
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1. Introduction


Iodinated organics are important derivatives in synthetic chemistry. Although more expensive than their brominated counterparts, they are often preferred over the latter in coupling reactions, as they lead to better yields and shorter reaction times. Polyiodinated aromatics are often used as intermediaries in the design of new materials, whether they are polymers [1], organic cages [2], covalent organic frameworks (COFs) [3], metal organic frameworks (MOFs) [4,5,6,7], light- harvesting complexes [8,9], dendrimers [10], etc. Most often, the iodination of aromatic rings is performed using electrophilic iodine species [11,12,13], although in some cases radical [14] or nucleophilic species [15] are used. Our continued interest in the design of new organic molecules which can act as linkers in MOF design has led us to synthesize tris(4-iodophenyl)-1,3,5-trimethylbenzene 2 from the corresponding hydrocarbon 1, using the hypervalent iodine derivative [bis(trifluoroacetoxy)iodo]benzene (PIFA), according to Scheme 1:




2. Results and Discussion


The title compound was obtained by iodinating 2,4,6-triphenyl-1,3,5-trimethylbenzene 1 with PIFA and iodine in chloroform, at room temperature, according to a procedure already established [16]. Unlike other iodination reactions, this particular system does not use strong acids, such as the sulfuric acid/nitric acid/iodine system [17], potentially explosive reagents—as found in the case of the sulfuric acid/iodine/periodic acid system [18]—or toxic metals, such as mercury acetate [19]. Although the hypervalent iodine reagent PIFA is moisture sensitive, the reaction did not require any special precautions and was run under an open atmosphere leading to the desired compound in a 60% yield after purification. During the course of the reaction, the formation of a precipitate could be observed. After stirring for 24 h, the precipitate was filtered, washed with hexane and dried. A preliminary 1H NMR analysis indicated that the isolated solid was the title compound 2. Moreover, no traces of other byproducts could be identified. An analytically pure sample was obtained by recrystallization from toluene.



1H NMR analysis of the pure sample, performed in CDCl3, confirmed the proposed structure. The six protons situated ortho to the iodine substituents can be found as a doublet at 7.82 ppm, with a coupling constant 3J 7.8 Hz. The remaining six aromatic protons, situated meta to the iodine substituents, are present as a doublet at 6.97 ppm, with a coupling constant 3J 7.9 Hz. Finally, the nine aliphatic protons belonging to the three methyl groups give rise to a singlet found at 1.70 ppm. The 13C NMR spectrum displays the signal belonging to the three carbon atoms directly bound to the iodine substituents at 92.3 ppm, while the three aliphatic carbon atoms can be found at 19.5 ppm. The Mass spectrum of 2, obtained using electron ionization, displayed the molecular ion [M]+ at m/z 726.1. Moreover, several other fragments could also be identified. As such, the signal found at m/z 599.0 belongs to the [M-I]+ ion. This in turn loses two methyl groups, as proven by the m/z 584.1 and m/z 569.1 signals, belonging to the [M-CH3I]+ and [M-C2H6I]+ ions respectively. The loss of two iodine substituents ([M-I2]+ fragment) gives a signal at m/z 472.2. Further loss of a methyl group leads to the [M-CH3I2]+ fragment with an m/z 457.1. The recorded thermogravimetric plots of 2 show one degradation step that started at about 320 °C and finished at 600 °C attributed to molecular chain scission. Decomposition onset temperature (Tonset) is about 364 °C. The DTA curve reveals two endothermic events at approximately 360–420 °C accompanied by a mass loss. The endotherm even at 365 °C is in good correlation with the visual melting point determination. At 700 °C, the charcoal residual weight is 16.7%. NMR, IR, and mass spectra, as well as the TG curve can be found as separate figures in the Supplementary Materials section.



The synthesis of iodinated derivative 2 opens up the way to a number of interesting potential ligands for MOF/COF design. Thus, by coupling it with functionalized aromatic boronic acids (Suzuki Coupling), alkynes (Sonogashira Coupling) or alkenes (Heck Coupling), extended linkers capable of forming frameworks with large pores will become accessible. Moreover, 2 can serve as a building block in polymer synthesis.




3. Materials and Methods


All solvents and commercially available reagents were purchased and used without further purification. NMR spectra were recorded in CDCL3 using a Bruker Avance III 400 (Bruker BioSpin, Rheinstetten, Germany) instrument operated at 25 °C. Chemical shifts (δ, ppm) are described in relation to tetramethylsilane. The IR spectrum was recorded on a Bruker Tensor 27 (Bruker Optik GmbH, Ettlingen, Germany) equipped with an ATR probe head. The mass spectrum was recorded using a Thermo Scientific ISQ LT (Thermo Fisher Scientific Inc., Waltham, MA, USA). TG analysis was performed using a STA 330 Jupiter (Netzsch, GmbH, Selb, Germany) thermal analyzer in N2 flow with a linear heating rate of 10 °C/min and a temperature range of 30–700 °C. The Netzsch Proteus software packages (Netzsch, GmbH, Selb, Germany) were used for data analysis. Elemental analysis (C, H) was performed on a CE440 Elemental Analyser (Exeter Analytical, Coventry, United Kingdom). The melting point was determined using a KSP1 Melting-Point Meter (A.KRÜSS Optronic, Hamburg, Germany). The UV spectrum was recorded using a Carry 100 Bio UV-Visible spectrophotometer (Agilent Technologies, Santa Clara, CA, USA), with chloroform as a solvent, at a concentration of 10−5 M.



Synthesis of 2,4,6-Tris(4-Iodophenyl)-1,3,5-trimethylbenzene (2)


To a stirred solution of 2,4,6-triphenyl-1,3,5-trimethylbenzene 1 (0.875 g, 2.5 mmol) in chloroform (25 mL), at room temperature, iodine (1.9 g, 7.5 mmol) and then PIFA (3.23 g, 7.5 mmol) were added and the resulting mixture was left to stir for 24 h. The formed precipitate was then filtered, washed with hexane (3 × 5 mL) and air dried to yield a pink solid. Recrystallisation gave the title compound 2 (1.09 g, 60%) as colorless prisms; m.p. 351–353 °C (decomp.) (PhMe). 1H NMR (400 MHz, CDCl3): δ 7.82 (d, 6H, 3J 7.8 Hz), 6.97 (d, 6H, 3J 7.9 Hz), 1.70 (s, CH3, 9H) ppm. 13C NMR (100 MHz, CDCl3): δ 141.2 (Cq), 138.8 (Cq), 137.8 (CH), 133.2 (Cq), 131.4 (CH), 92.3 (CI), 19.5 (CH3) ppm. IR-ATR (cm−1): ν = 1483 (m), 1384 (m), 1098 (w), 1058 (m), 1006 (s), 957 (m), 823 (s), 764 (s), 513 (s), 497 (w), 480 (w), 421 (w). EI-MS (m/z, M+): 726.1. Elemental analyses for C27H21I3 calc. C 44.66%, H 2.91%, found C 44.43%, H 2.97%. UV/Vis (CHCl3): λmax (log ε) 242 (4.83).









Supplementary Materials


The following are available online. Figure S1: 1H NMR spectrum of 2, Figure S2: 13C NMR spectrum of 2, Figure S3: IR spectrum of 2, Figure S4: Mass spectrum of 2, Figure S5: TG curve of 2. Figure S6: UV-Vis spectrum of 2.
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Scheme 1. The synthetic pathway to the title compound. 
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