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Abstract

:

The title compound, 5-(4,5-dimethylthio-1,3-dithiol-2-ylidene)-1,3-diaza-2,4,6-trithiapentalene (4,5-dimethylthio[1,2,5]thiadiazolotetrathiafulvalene, molecular formula C8H6N2S7) crystallizes in the P21/n space group with one molecule in the asymmetric unit. The molecular framework is planar within 0.19 Å. The molecules form a head-to-tail type of π-stacking dimer with an interplanar distance is 3.50(1) Å, where methylthio groups face away from each other. The molecules are also linked by weak intermolecular S···S heteroatom interactions [3.497(1) and 3.572(1) Å] to construct a unique one-dimensional molecular tape structure.
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Introduction


Tetrathiafulvalene (TTF) derivatives with a fused 1,2,5-thiadiazole ring have received much attention as component molecules for conducting organic solids [1,2,3,4,5,6,7]. Bis-fused TTF derivatives with a fused 1,2,5-thiadiazole ring have also been developed [8]. Intermolecular interactions caused by S···N and S···S heteroatom contacts may increase the dimensionality in solid states and suppress metal-insulator transitions [9,10]. In addition, such interactions may lead to the formation of unique molecular networks which have special functions such as inclusion properties [11]. We report here the molecular and crystal structure of an unsymmetrical TTF derivative, (1, Figure 1), which contains a fused 1,2,5-thiadiazole ring and two methylthio groups. We have found that the crystal structure of 1 differs dramatically from that of an unsymmetrical TTF derivative with a fused 1,2,5-thiadiazole ring and an ethylenedioxy group [6]. The molecules of 1 form a unique one-dimensional molecular tape structure linked by intermolecular S···S heteroatom interactions in the crystalline state.
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Figure 1. Structure of compound 1. 
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Results and Discussion


The title compound 1 crystallizes in the P21/n space group with one molecule in the asymmetric unit. The molecular structure with the atom labels is shown in Figure 2 and selected bond lengths and angles are listed in Table 1.
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Figure 2. The molecular structure of 1, with atom labels and 50% probability displacement ellipsoids for non-H atoms and H atoms are shown as small spheres of arbitrary radii. 






Figure 2. The molecular structure of 1, with atom labels and 50% probability displacement ellipsoids for non-H atoms and H atoms are shown as small spheres of arbitrary radii.
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The bond lengths and angles are within the normal ranges [12]. The geometric parameters of the 1,2,5-thiadiazole ring in 1 are almost the same as those reported for 3,4-diphenyl-1,2,5-thiadiazole [13]. The molecular framework excluding C7 and C8 is planar, where the maximum and r.m.s. deviations of fitted atoms from the least-squares plane are 0.193(1) for S7 and 0.075 Å, respectively. Two 1,3-dithiole rings are planar (r.m.s. deviations of 0.011 for S1/S2/S3/N1/N2/C1/C2/C3 and 0.037 Å for S4/S5/C4/C5/C6 from their least-squares planes) and the angle between the least-squares planes is 3.01(8)°. These facts contrast with cases of most neutral TTF derivatives. For example, tetramethylthiotetrathiafulvalene [14] and bis(ethylenedithio)tetrathia-fulvalene [15] are bent at the central C=C bond, where the angles between the least-squares planes for two 1,3-dithiole rings are 36.2(1) and 23.9(1)°, respectively. The planarity of 1 may be ascribed to the extension of π-conjugated system with a 1,2,5-thiadiazole ring. One methylthio group (S7–C8) is nearly perpendicular to the molecular plane [torsion angles of 95.6(3) for C8–S7–C6–S5 and -28.2(3)° for C7–S6–C5–S4].





[image: Table]





Table 1. Selected geometric parameters of 1.







Table 1. Selected geometric parameters of 1.







	
Bond lengths (Å)

	
Bond angles (°)






	
S1–C1

	
1.756(3)

	
C2–S1–C1

	
93.97(15)




	
S2–C1

	
1.766(3)

	
C3–S2–C1

	
93.83(16)




	
S3–N2

	
1.643(3)

	
N2–S3–N1

	
99.39(15)




	
S3–N1

	
1.649(3)

	
C5–S4–C4

	
95.28(15)




	
S4–C4

	
1.757(3)

	
C6–S5–C4

	
95.64(14)




	
S5–C4

	
1.752(3)

	
C2–N1–S3

	
105.9(3)




	
N1–C2

	
1.318(4)

	
C3–N2–S3

	
106.2(2)




	
N2–C3

	
1.314(4)

	
N1–C2–C3

	
114.2(3)




	
C1–C4

	
1.353(4)

	
N2–C3–C2

	
114.3(3)




	
C2–C3

	
1.428(5)

	

	









The packing diagram of 1 viewed along the a axis is shown in Figure 3. The molecules form a head-to-tail type of π-stacking dimer and the dimer stacks along the a axis (Figure 4).





[image: Molecules 14 04266 g003 550]





Figure 3. The packing diagram of 1, viewed along the a axis. 
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In the dimer, an interplanar distance is 3.50(1) Å and the S7–C8 methylthio groups face away from each other. On the other hand, the dimers are linked by an intermolecular C8–H8A···N1(–x, –y + 1, –z) [3.382(5) Å] hydrogen bond and an interdimer distance is 3.71(1) Å. Between the dimers, the S7–C8 methylthio groups are placed across from each other. The overlap modes of the dimer of 1 are shown in Figure 4. In the intradimer overlapping, long axes of the molecules are fully superposed, while less overlap of π-conjugated system is observed in the interdimer overlapping. This is due to steric hindrance of the S7–C8 methylthio group. The intradimer arrangement of the molecules corresponds to the overlap of HOMO and LUMO for 1. As illustrated in Figure 5, electron transfer from the large lobe of HOMO on the 1,3-dithiol-2-ylidene unit to the large lobe of LUMO on the 1,2,5-thiadiazole ring causes the intradimer overlapping in Figure 5.
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Figure 4. The stacking pattern of the dimer in the crystal structure of 1. Dotted lines show intermolecular C–H···N hydrogen bonds. 
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Figure 5. The overlap modes of the dimer in the crystal structure of 1, the intradimer (upper) and interdimer (lower) overlapping. 
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The molecules 1 are also linked by weak intermolecular S···S heteroatom interactions [3.497(1) for S2···S7(x + 1/2, –y + 3/2, z + 1/2) and 3.572(1) Å for S5···S6(x + 1/2, –y + 3/2, z + 1/2)] in the crystalline state. The S···S interactions are 0.8-2.9 % shorter than the sum of the corresponding van der Waals radii and build up a unique one-dimensional molecular tape structure (Figure 7). The molecular tape is flat and takes a zigzag conformation. The crystal structure of 1 differs dramatically from that of 4,5-ethylenedioxy[1,2,5]thiadiazolotetrathiafulvalene, in where a T-shaped molecular arrangement connected with intermolecular S···N interactions was observed [6]. The conformations around the methylthio groups of 1 bring the formation of the molecular tape structure with the S···S interactions. No short intermolecular S···N interaction was found in the crystal structure of 1.
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Figure 6. The HOMO and LUMO of 1 by single point 3-21G calculations. The energy levels of the HOMO and LUMO are calculated to be –7.55 and 1.69 eV, respectively. 
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Figure 7. The one-dimensional molecular tape structure in the crystal structure of 1. Dotted lines show intermolecular S···S heteroatom interactions. 
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Conclusions


We have determined the crystal structure of the unsymmetrical tetrathiafulvalene derivative with a fused 1,2,5-thiadiazole ring and methylthio groups by X-ray diffraction. The molecular framework is planar within 0.19 Å. The molecules form a head-to-tail type of π-stacking dimer with an interplanar distance is 3.50(1) Å, where methylthio groups face away from each other. A unique one-dimensional molecular tape network can be built by the usage of intermolecular S···S heteroatom interactions [3.497(1) and 3.572(1) Å] as a connection tool.




Experimental


General


The title compound 1 was synthesized by the reaction of [1,2,5]thiadiazolo-1,3-dithiol-2-one with 4,5-dimethylthio-1,3-dithiole-2-thione according to the literature method [5]. Orange crystals of 1 suitable for X-ray analysis were grown from a dichloromethane solution.




X-Ray crystallography


The data of a single crystal with a size of 0.35 × 0.05 × 0.05 mm was collected at 295 K on a Rigaku Mercury CCD diffractometer. No absorption correction was applied. The crystal structure was solved by direct methods and refined by full-matrix least-squares on F2 with SHELXS97 and SHELXL97 [16]. All non-hydrogen atoms were refined anisotropically. After anisotropic refinement of all non-hydrogen atoms, all hydrogen atoms were placed in geometrically calculated positions and refined using a riding model, with C–H = 0.96 Å and Uiso(H) = 1.5Ueq(C). The final least-squares cycle was based on 2,555 observed reflections [I > 2σ(I)] and 156 variable parameters, converged with R1 = 0.055 and wR2 = 0.125. Crystal data and refinement details are summarized in Table 2. All molecular and crystal graphics were drawn using PLATON [17] and RasMol [18]. CCDC 675501 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/data_request/cif, by e-mailing data_request@ccdc.cam.ac.uk or by contacting The Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB2 1EZ, UK; Fax: +44-1223-336033.





[image: Table]





Table 2. Crystal data and refinement details for 1.







Table 2. Crystal data and refinement details for 1.







	
Chemical formula

	
C8H6N2S7




	
Formula weight

	
354.64




	
Temperature

	
295(1) K




	
Wavelength

	
0.71070 Å




	
Crystal system

	
Monoclinic




	
Space group

	
P21/n




	
a

	
7.9119(8) Å




	
b

	
12.6713(14) Å




	
c

	
13.3589(15) Å




	
β

	
93.868(1)°




	
V

	
1336.2(3) Å3




	
Z

	
4




	
Calculated density

	
1.763 Mgm-3




	
Absorption coefficient

	
1.155 mm-1




	
F(000)

	
720




	
Crystal size

	
0.35 × 0.05 × 0.05 mm




	
θ Range for data collection

	
3.04–27.48°




	
Index ranges

	
–10 ≤ h ≤ 9




	

	
–16 ≤ k ≤ 16




	

	
–14 ≤ l ≤ 17




	
Completeness to θ

	
95.9 %




	
Reflections collected

	
12,282




	
Independent reflections

	
2,945 [ Rint = 0.0356]




	
Absorption correction

	
None




	
Refinement method

	
Full-matrix least-squares on F2




	
Data/restrains/parameters

	
2,945/0/156




	
Goodness-of-fit on F2

	
1.186




	
Final R indices [I > 2σ(I)]

	
R1 = 0.0547, wR2 = 0.1250




	
R indices (all data)

	
R1 = 0.0687, wR2 = 0.1330




	
Largest diff. peak and hole

	
0.483 and –0.362 eÅ-3




	
CCDC Deposition number

	
CCDC 675501










Theoretical calculations


The molecular orbital shapes of HOMO and LUMO of 1 were evaluated in single point 3-21G calculations using the crystallographic geometry of 1 with Gaussian 98 [19] and were visualized with PGV [20].








Acknowledgments


The authors thank the Instrument Center of Institute for Molecular Science, for the X-ray structure analysis.





	
Sample Availability: Samples of the title compound are available from the authors.







References


	



Tomura, M.; Tanaka, S.; Yamashita, Y. Preparation and Properties of Bis[1,2,5]thiadiazolo-tetrathiafulvalene. Heterocycles 1993, 35, 69–72. [Google Scholar] [CrossRef]

	



Underhill, A.E.; Hawkins, I.; Edge, S.; Wilkes, S.B. Bis(thiadiazole)tetrathiafulvalene (BTDA-TTF). Synth. Met. 1993, 56, 1914–1919. [Google Scholar]

	



Naito, T.; Kobayashi, A.; Kobayashi, H.; Underhill, A. E. New Synthetic Metals Based on a Thiadiazole Network. Chem. Commun. 1996, 521–522. [Google Scholar]

	



Yamada, J.; Satoki, S.; Mishima, S.; Akashi, N.; Takahashi, K.; Masuda, N.; Nishimoto, Y.; Takasaki, S.; Anzai, H. Synthesis of Unsymmetrical Tetrathiafulvalene Derivatives via Me3Al-Promoted Reactions of Organotin Compounds with Esters. J. Org. Chem. 1996, 61, 3987–3995. [Google Scholar]

	



Tomura, M.; Yamashita, Y. Synthesis, Structure, and Physical Properties of Novel Component Molecules with Fused Heterocycles for Organic Conductor. Synth. Met. 1997, 86, 1871–1872. [Google Scholar] [CrossRef]

	



Tomura, M.; Yamashita, Y. Unsymmetrical Tetrathiafulvalene with a Fused 1,2,5-Thiadiazole Ring and an Ethylenedioxy Group. Acta. Cryst. E 2003, 59, o145–o147. [Google Scholar] [CrossRef]

	



Tomura, M.; Yamashita, Y. 4,5-Diiodo[1,2,5]thiadiazolotetrathiafulvalene. Acta. Cryst. E 2004, 60, o63–o65. [Google Scholar] [CrossRef]

	



Misaki, Y.; Miura, T.; Fujiwara, H.; Kawakami, K.; Yamabe, T.; Mori, T.; Mori, H.; Tanaka, S. BDT-TTP Donors Fused with Aromatic Rings and Their Cation Radical Salts. Synth. Met. 1997, 86, 1821–1822. [Google Scholar] [CrossRef]

	



Williams, J.M.; Ferraro, J.R.; Thorn, R.J.; Carlson, K.D.; Geiser, U.; Wang, H.H.; Kini, A.M.; Whangbo, M.-H. Organic Superconductors (Including Fullerenes); Prentice Hall: Englewood Cliffs, NJ, USA, 1992. [Google Scholar]

	



Ishiguro, T.; Yamaji, K.; Saito, G. Organic Superconductors, 2nd ed; Springer-Verlag: Berlin, Germany, 1998. [Google Scholar]

	



Yamashita, Y.; Tomura, M. Highly Polarized Electron-Donors, Acceptors and Donor-Acceptor Compounds. J. Mater. Chem. 1998, 8, 1933–1944. [Google Scholar] [CrossRef]

	



Allen, F.H.; Kennard, O.; Watson, D.G.; Brammer, L.; Orpen, A.G.; Taylor, R. Tables of Bond Lengths Determined by X-ray and Neutron Diffraction. Part 1. Bond Lengths in Organic Compounds. J. Chem. Soc. Perkin Trans. 1987, 2, S1–S19. [Google Scholar]

	



Mellini, M.; Merlino, S. On the 2,5-Diazolic Heterocyclic System. I. Crystal and Molecular Structure of 3,4-Diphenyl-1,2,5-selenadiazole and 3,4-Diphenyl-1,2,5-thiadiazole. Acta. Cryst. B 1976, 32, 1074–1078. [Google Scholar] [CrossRef]

	



Katayama, C.; Honda, M.; Kumagai, H.; Tanaka, J.; Saito, G.; Inokuchi, H. Crystal Structures of Complexes between Hexacyanobutadiene and Tetramethyltetrathiafulvalene and Tetramethylthio-tetrathiafulvalene. Bull. Chem. Soc. Jpn. 1985, 58, 2272–2278. [Google Scholar]

	



Guionneau, P.; Chasseau, D.; Howard, J.A.K.; Day, P. Neutral Bis(ethylenedithio)tetrathiaful-valene at 100 K. Acta. Cryst. C 2000, 56, 453–454. [Google Scholar]

	



Sheldrick, G.M. A Short History of SHELX. Acta. Cryst. A 2008, 64, 112–122. [Google Scholar] [CrossRef]

	



Spek, A.L. Structure Validation in Chemical Crystallography. Acta. Cryst. D 2009, 65, 148–155. [Google Scholar] [CrossRef]

	



Sayle, R.; Milner-White, E.J. RASMOL: Biomolecular Graphics for All. Trends. Biochem. Sci. 1995, 20, 374–376. [Google Scholar]

	



Frisch, M.J.; Trucks, G.W.; Schlegel, H.B.; Scuseria, G.E.; Robb, M.A.; Cheeseman, J.R.; Zakrzewski, V.G.; Montgomery, J.A., Jr.; Stratmann, R.E.; Burant, J.C.; Dapprich, S.; Millam, J.M.; Daniels, A.D.; Kudin, K.N.; Strain, M.C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski, J.; Petersson, G.A.; Ayala, P.Y.; Cui, Q.; Morokuma, K.; Malick, D.K.; Rabuck, A.D.; Raghavachari, K.; Foresman, J.B.; Cioslowski, J.; Ortiz, J.V.; Baboul, A.G.; Stefanov, B.B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Gomperts, R.; Martin, R.L.; Fox, D.J.; Keith, T.; Al-Laham, M.A.; Peng, C.Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P.M.W.; Johnson, B.; Chen, W.; Wong, M.W.; Andres, J.L.; Gonzalez, C.; Head-Gordon, M.; Replogle, E.S.; Pople, J.A. Gaussian 98, Revision A7; Gaussian Inc.: Pittsburgh, PA, USA, 1998. [Google Scholar]

	



Mizutani, F. PGV; Institute for Molecular Science: Okazaki, Japan, 1996. Available online: http://ccinfo.ims.ac.jp/pgv/pgv_eg.htm.





© 2009 by the authors; licensee Molecular Diversity Preservation International, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution license ( http://creativecommons.org/licenses/by/3.0/).







media/file13.jpg





media/file4.png





nav.xhtml


  molecules-14-04266


  
    		
      molecules-14-04266
    


  




  





media/file1.png
SCHj,

S/N\ S
(I~
S |

SCH,





media/file5.jpg





media/file7.jpg





media/file10.png





media/file12.png





media/file3.png





media/file9.jpg





media/file14.png





media/file8.png





media/file11.jpg





media/file6.png





media/file0.jpg





media/file2.jpg





