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Abstract: X-ray crystallographic data are reported for thieno[3,2-b]pyridine-2-carbonitrile (lb), thieno[3,2-
c]pyridine-4-carbonitrile (2b), 3-acetylaminothieno[2,3-c]pyridine (3b). and ethyl thieno[2,3-b]pyridine-3-carboxylate 
(4b). All of the thienopyridine ring systems are planar with internal bond angles of 90.7 ± 0.6° for C-S-C and 115.9 
± 1.9° for C-N-C. C -S and C-N bond lengths in the rings are 1.73 ± 0.02 Ä and 1.34 ± 0.02 Ä, respectively. 
Comparison is made of our measured data with bond angles and lengths calculated from molecular orbital theory 
for the parent unsubstituted compounds la, 2a, and 4a and for reported experimental data for parent 3a. In 
general, numerical values are remarkably close in the corresponding a and b systems. 13C Nmr spectral data are 
also reported for 2b-4b. 

Introduction 

Practical syntheses of the six possible parent thienopyridines over the past thirty years have made samples 

of four of them, 1a-4a, readily available in our laboratory and elsewhere (1,2). While isomers 5 and 6 have also 

been prepared (3) they are unstable under regular laboratory conditions and have not been studied further. 

Meanwhile, in 1972, Heiland and Skancke, using PPP and CNDO/2 methods, calculated bond lengths in all six of 

these parent molecules (4). More recently, in 1995, Webber and Woolley used ab initio Hartree-Fock theory to 

calculate both bond lengths and bond angles in the same molecules (5). It would be desirable to compare these 

theoretical values with experimental measurements, e.g. by X-ray crystallography. However, compounds la and 

4a are regularly liquids (6), while 2a and 3a are low-melting solids (46° and 55°, respectively) (7). Despite the 

difficulty involved, an X-ray study of crystalline 3a has recently been reported (8). Meanwhile, the availability of a 

large number of derivatives of 1a-4a on our sample shelves from previous research led us to select one suitable, 

simple monosubstituted thienopyridine (1b-4b) from each of the parent systems for a broader comparison of 

experimental and theoretical results, as presented here. Additionally, we report ,3C nmr spectral data (9) for three 

of the samples used (10). 

Experimental and Procedure 

X-ray crystallographic studies of 1b-4b were conducted at 22-23° C. with an Enraf-Nonius CAD-4 

diffractometer and a graphite monochromator with Mo ka radiation of 0.71073 A wavelength, with 29max of 50°, a 

scan mode of ω-2θ, a scan speed (on ω) of 1.0-4.1° min"1 and a scan width of [(0.95 ± 0.05) + O.35tan0]°. A SIR E-

map (11), supplemented by a cycle of DIRDIF (12) as needed, served to locate all non-hydrogen atoms. The 

teXsan program suite (13), incorporating complex atomic scattering factors (14), was used in all calculations. 

Comparative crystallographic and structural parameters are presented in Table 1. Samples for study were selected 

from our research library shelves. 
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Thieno[3,2-b]pyridine-2-carbonitrile (lb), mp 110-111°C. (15-17), is shown as ORTEP figure 1. 

Thieno[3,2-c]pyridine-4-carbonitrile (2b), mp 90-91.5°C. (18), is shown as ORTEP figure 2; 13C NMR (CDCI3) 

(19): δ 148.1 (s, C-7a), 143.2 (dd, J = 185.3, 2.0 Hz, C-6), 138.5 (s, C-4), 131.6 (dd, J = 187.4, 7.1 Hz, C-2), 129.0 

(d, J = 5.5 Hz, C-3a), 121.4 (dd, J = 175.3, 4.1 Hz, C-7), 120.9 (dd, J = 167.7, 8.3 Hz, C-3), 116.4 (s, CN) (20). 

3-Acetylaminothieno[2,3-c]pyridine (3b), mp 183-184°C. (24), is shown as ORTEP figure 3; 13C NMR (DMSO-

d6): δ 168.5 (C=0), 145.0 and 142.4 (C-5 and C-7), 137.9, 133.5, and 129.7 (C-3, C-3a, and C-7a), 116.2 and 

115.2 (C-2 and C-4), 23.2 (CH3) (20). 

Ethyl thieno[2,3-£>]pyridine-3-carboxylate (4b), mp 72.5-73.5°C. (25), is shown as ORTEP figure 4; 13C NMR 

(CDCI3): δ 162.5 (C=0), 161.7 (C-7a), 147.5 (C-6), 136.6 C-2), 132.9 (C-4), 130.6 (C-3a), 125.4 (C-3) (26), 120.6 

(C-5), 61.1 (CH2), 14.6 (CH3) (15). 

Measured bond lengths for 1b-4b are shown in Table 2 and measured bond angles for these compounds are 

given in Table 3. 
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Table 2: Comparison of Measured Bond Lengths in l b - 4b with Calculated Bond Lengths for Parent Molecules la , 
2a, and 4a and Measured Ones for Parent Molecule 3a. 

Bond Comp. 
Series 

Bond Length in A Bond Bond Length in Ä Bond Comp. 
Series Found in bJ Value for a 

Bond 
Found in b J Value for aD 

S(1)-2 1 1.740 (2) (1.747) 2-3 1.350 (3) 1.355 
2 1.727 (7) 1.725 1.335 (9) (1.341) 
3 1.726 (2) [1.728] 1.360 (3) [1.351] 
4 1.707 (4) 1.724 1.357 (5) 1.356 

3-3a 1 1.420 (3) (1.443) 3a-4 1.352 (3) 1.351 (N1)c 

2 1.439 (9) (1.446) 1.393 (9) (1.397) 
3 1.435 (3) [1.433] 1.397 (3) [1.402] 
4 1.440 (5) (1.445) 1.383 (4) (1.395) 

4-5 1 1.324 (3) (1.325) 5-6 1.387 (4) (1.398) 
2 1.324 (9) (1.320) (N1)c 1.350 (8) (1.345) 
3 1.373 (3) [1.373] 1.352 (3) [1.354] (N1)° 
4 1.377 (5) (1.381) 1.387 (5) (1.397) 

6-7 1 1.370 (3) (1.381) 7-7a 1.390 (3) (1.391) 
2 1.377 (9) (1.378) 1.399 (8) 1.404 
3 1.332 (4) [1.332] 1.388 (3) [1.397] 
4 1.323 (5) (1.326) (N)° 1.335 (5) (1.329) 

S(1)-7a 1 1.729 (2) 1.727 3a-7ad 1.403 (3) 1.405 
2 1.734 (6) 1.727 1.406 (8) 1.403 
3 1.728 (2) [1.731] 1.402 (3) [1.414] 
4 1.733 (4) 1.727 1.397 (5) (1.401) 

Other Measured Bond Lengths in 1b-4b" 

l b : 2-C8, 1.426 (3); C8-N2, 1.137 (3). 2b: 4-C8, 1.466 (9); C8-N2, 1.113 (9). 

3b: 3-N2, 1.400 (3); N2-C8, 1.345 (3); C8-0, 1.227 (2); C8-C9, 1.485 (3). 

4b: 3-C8, 1.470 (5); C8-02, 1.198 (4); C8-01, 1.351 (4); 01-C9, 1.445 (4); C9-C10, 1.495 (6). 

a) Measured in the present study. Standard deviations in parentheses refer to the least significant digits, b) 

Bond lengths in brackets were measured on 3a by Nerenz et al. (ref. 8); those in parentheses were calculated by 

Webber and Wooley (ref. 5); the others were calculated by Heiland and Skancke (ref.4). The calculated value 

shown is the one from references 4 and 5 which lies closer to the measured value found in our study, c) The Ν 

heteroatom forms one end of this bond, i.e. the larger positional number, d) Ring juncture of the pyridine and 

thiophene rings, e) For identification of these bonds see the ORTEP diagrams for 1b-4b. 
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Table 3: Comparison of Measured Bond Angles in 1b-4b with Calculated Bond Angles for Parent Molecules la, 

2a, and 4a and Measured Ones for Parent Molecule 3a 

Bond 
Angle 

Comp. 
Series 

Angle in Degrees Bond 
Angle 

Angle in Degrees Bond 
Angle 

Comp. 
Series Found in b'' Value for aD 

Bond 
Angle Found in b' Value for aD 

7a-S-2 1 90.1 (1) 90.6 S-2-3 114.2 (2) 113.7 
2 90.3 (4) 90.8 115.2 (5) 113.4 
3 91.2 (1) [90.8] 113.2 (2) [114.0] 
4 91.1 (2) 90.3 113.8 (3) 113.8 

2-3-3a 1 111.5 (2) 113.3 3-3a-7a 112.6 (2) 112.3 
2 111.1 (6) 112.4 112.3 (6) 112.1 
3 112.2 (2) [112.1] 111.7 (2) [111.6] 
4 112.1 (4) 112.4 111.2 (4) 111.6 

3a-7a-S 1 111.6 (2) 111.1 3a-4-5 115.3 (2) 118.2 (N)° 
2 111.2 (4) 111.2 124.4 (6) 121.9 
3 111.7 (2) [111.5] 118.4 (2) [118.3] 
4 111.8 (3) 111.8 118.2 (4) 118.4 

4-5-6 1 124.8 (2) 123.0 5-6-7 120.5 (2) 119.5 
2 117.1 (6) 119.7 (N)c 125.1 (6) 119.9 
3 124.2 (3) [124.8] 117.8 (2) [117.6] (N)° 
4 119.3 (4) 119.5 125.1 (4) 122.7 

6-7-7a 1 116.2 (2) 117.6 7-7a-3a 120.0 (2) 119.9 
2 116.0 (6) 117.3 121.0 (5) 123.1 
3 121.9(2) [122.1] 120.3 (2) [120.0] 
4 114.0 (4) 117.7 (N)c 126.6 (4) 124.2 

7a-3a-4 1 123.2 (2) 122.4 
2 116.4 (5) 118.0 
3 117.4 (2) [117.3] 
4 116.9 (4) 117.5 

Other Measured Bond Angles in lb-4bd 

lb: S-2-C8, 118.8 (2); 3-2-C8, 127.0 (2); 2-C8-N2, 178.4 (3). 2b: 3a-4-C8, 118.9 (6); 5-4-C8, 116.7 (6); 4-C8-

N2, 177.9 (8). 3b: 3a-3-N2, 121.2 (2); 2-3-N2, 126.6 (2); N2-C8-0, 121.6 (2); N2-C8-C9, 116.7 (2); 0-C8-C9, 

121.7 (2). 4b: S-7a-7(N), 121.6 (3); 3-3a-4, 132.0 (4); 3a-3-C8, 123.2 (4); 2-3-C8, 124.7 (4); 3-C8-02, 125.3 

(4); 3-C8-01, 111.3 (4); 01-C8-02, 123.4 (4); C8-01-C9, 115.2 (3); 01-C9-C10, 107.0 (4). 

a) See footnote a, Table 2. b) Bond angles in brackets were measured on 3a by Nerenz et al. (ref. 8); the 

others were calculated by Webber and Wooley (ref. 5). c) The Ν heteroatom forms the apex of this angle, d) 

For identification of angles see the ORTEP diagrams for 1b-4b. 
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Table 3 compares the sizes of analogous ring internal angles in the 1.-4 series in the aforementioned 

compounds. In only two cases, viz. angle N-C6-C7 in 2b (Δ = 5.2°) and angle C6-N-C7a in 4b (Δ = -3.7°), were 

measured values more than 3° different from calculated values. For all of the ring systems, internal C-S-C and C-

N-C bond angles fall in the ranges of 90.7 ± 0.6° and 115.9 ± 1.9°, respectively. Also, Nerenz et al (8) noted the 

closeness of their data on 3a to the calculated values. 

Conclusions 

X-ray crystallographic measurements were obtained on one monosubstituted thienopyridine in each of four 

different parent systems. The thienopyridine ring system is planar. Literature values (either calculated or 

measured) for bond lengths and bond angles in the parent molecules are remarkably close to our measured ones. 

Figure 3: ORTEP of 3b Figure 4: ORTEP of 4b 
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