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Abstract

:

The X-ray structure of the title compound has been determined for the first time. It shows the ring flip disorder common among thiophene-3-carbonyl derivatives and the occurrence of this phenomenon in the structures of such compounds is discussed.
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1. Introduction


Thiophene-3-carbonyl chloride (3-thenoyl chloride) was first described in 1938 [1] and, although it has been characterised by most analytical and spectroscopic techniques, its X-ray structure has not so far been reported, perhaps due to its relatively low melting point of 53–54 °C and the consequent difficulty in obtaining suitable crystals. In view of several recent reports of “ring flip disorder” in the structures of thiophene-3-carbonyl derivatives (Figure 1), we were interested to see whether this compound would exhibit the same phenomenon. A sample of the compound was available from our previous work [2], and it showed spectroscopic data in agreement with published values [3]. We report here its X-ray structure, which does show ring flip disorder, and survey the recent research activity in this area.




2. Results


Crystals suitable for diffraction were obtained by vacuum sublimation of the material obtained by reaction of thiophene-3-carboxylic acid with thionyl chloride followed by evaporation. The resulting structure (Figure 2) shows how the molecule is disordered with the acid chloride function and C(2)–C(4) appearing as expected but the remaining two atom positions occupied optionally by either by S(1) and C(5)H or C(1)H and S(5). This simply corresponds to the existence of two forms differing by a 180° rotation about the C(3)–C=O bond (Figure 1). S(1)–C(5) were refined at 70% occupancy and C(1)–S(5) were refined at 30% occupancy.



As mentioned in the Introduction, there have been several recent reports of this phenomenon among thiophene-3-carbonyl derivatives. Indeed, a search of the Cambridge Structural Database (CSD) using the structure of Figure 1, where X can be any group, gave 62 structures (June 2021) and of these no fewer than 22 showed the ring-flip disorder. A summary of key information for a selection of these is given in Table 1.



The structure of thiophene-3-carboxylic acid (entry 2) was determined at an early date at low temperature, and this showed hydrogen bonded dimers but no disorder, with the same situation later being found at room temperature (entry 3) and reconfirmed by us during the current study. The structure of the amide (entry 4) was reported for the first time in late 2020 and it does show the ring flip disorder, as does the glycine derivative (entry 5), in addition to hydrogen bonding in each case. The amide derived from 2-pyridylmethylamine (entry 6) also shows such disorder. The fact that ring flip disorder may or may not occur in a series of closely related compounds is illustrated by entries 7–10 where the two imides with smaller alkyl groups do show the phenomenon but the two with larger groups do not. A further very recent example of an amide with disorder is provided by the N-benzylidenehydrazide (entry 11). The acetyl compound (entry 12) is the simplest thienyl ketone to show the effect, but several more complex carbon-based groups also do so (entries 13, 14) including the recently reported 1,3-dione structure (entry 15).



The difficulty in predicting whether the ring flip disorder is likely to be observed in a given structure is emphasised by some further, more complex examples (Figure 3). In the deoxybenzoin analogue 2 (BATSEV [14]), both rings show ring flip disorder, while the structure of the benzoin analogue 3 (PUYXIQ [15]) consists of two independent molecules which each show disorder only in one ring, but the opposite one in each case. In addition, while the carboxylic acid itself does not show disorder, several metal complexes with thiophene-3-carboxylate present as a ligand do, including recent examples with manganese (VIVGIR [16], BAMSEP [17]), cobalt (JUBYUD [18]) and nickel (INEMIA [19]).



In summary, we obtained the X-ray crystal structure of thiophene-3-carbonyl chloride for the first time and found the molecule to exhibit ring flip disorder, as has recently been described for various other thiophene-3-carbonyl derivatives. The factors governing whether or not this phenomenon occurs in a given case are unclear.




3. Experimental


Suitable crystals were obtained by sublimation under reduced pressure. The structure was determined on a Rigaku SCX mini diffractometer using graphite monochromated Mo Kα radiation λ = 0.71075 Å.



Crystal data for C5H3ClOS, M = 146.59 g mol–1, colourless prism, crystal dimensions 0.28 × 0.12 × 0.10 mm, orthorhombic, space group Pbca (No. 61), a = 14.8926(10), b = 14.4046(10), c = 5.4564(3) Å, α = β = γ = 90.00°, V = 1170.52(13) Å3, Z = 8, Dcalc = 1.664 g cm–3, T = 173 K, R1 = 0.0316, Rw2 = 0.0723 for 1000 reflections with I > 2σ(I), and 98 variables, Rint 0.0618, goodness of fit on F2 1.014. Data have been deposited at the Cambridge Crystallographic Data Centre as CCDC 2079391. The data can be obtained free of charge from the Cambridge Crystallographic Data Centre via http://www.ccdc.cam.ac.uk/getstructures (accessed on 28 June 2021). The structure was solved by direct methods and refined by full-matrix least-squares against F2 (SHELXL Version 2018/3 [20]) (Supplementary Materials).
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Figure 1. The nature of ring flip disorder in thiophene-3-carbonyl derivatives. 
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Figure 2. (a) Molecular structure of 1 with anisotropic displacement ellipsoids drawn at 50% probability level and showing numbering system used. Bond lengths and angles: C(2)–C(3) 1.384(3), C(3)–C(4) 1.416(3), C(3)–C(6) 1.460(3), C(6)–O(6) 1.185(2), C(6)–Cl(7) 1.793(2) Å; C(2)–C(3)–C(4) 112.5(2), C(2)–C(3)–C(6) 126.6(2), C(4)–C(3)–C(6) 120.9(2), C(3)–C(6)–O(6) 127.1(2), C(3)–C(6)–Cl(7) 114.4(1), O(6)–C(6)–Cl(7) 118.6(2). (b) A view of the unit cell along the c-axis showing the relative alignment of the 8 molecules. 
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Figure 3. Structures showing ring flip disorder. 
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Table 1. X-ray structures of thiophene-3-carbonyl derivatives.






Table 1. X-ray structures of thiophene-3-carbonyl derivatives.





	Entry
	X (Figure 2)
	CSD Ref Code
	Ring Flip Disorder?
	Ref.





	1
	Cl
	—
	Yes
	(this work)



	2
	OH (103 K)
	THIPAC
	No
	[4]



	3
	OH (293 K)
	THIPAC01
	No
	[5]



	4
	NH2
	HUZGOB
	Yes
	[6]



	5
	NHCH2CO2H
	HUZGIV
	Yes
	[6]



	6
	NHCH2-2-Pyr
	TASTIR
	Yes
	[7]



	7
	NHCOMe
	UMIKUW
	Yes
	[8]



	8
	NHCOEt
	UMILAD
	Yes
	[8]



	9
	NHCOPrn
	UMILEH
	No
	[8]



	10
	NHCOBut
	UMILIL
	No
	[8]



	11
	NH-N=CHPh
	ZUQZUJ
	Yes
	[9]



	12
	Me
	ISAZIM
	Yes
	[10]



	13
	CH=C(Me)NH2
	GUGMEC
	Yes
	[11]



	14
	CH=CHC6H4Me-4
	WAMXOX01
	Yes
	[12]



	15
	CH2COC6H4-NO2-4
	SUXFEZ
	Yes
	[13]
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