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Abstract: The 13C NMR chemical shifts in CDCI3 for the parent thieno[2,3-b]- and thieno[3,2-b]pyridines and 44 of their
monosubstituted derivatives are reported. Linear correlations of ipso substituent chemical shifts in these compounds and
in the corresponding benzene derivatives are found and are compared with reported data for compounds with substituted
pyridine or thiophene rings. In the two thienopyridine systems the slope of the correlation line characterizes the position of
substitution with respect to the heteroatom in the substituted ring.

Introduction

Various research groups obtained 13C NMR spectra of a number of simple monosubstituted thiophenes (1,2),
pyridines (3), thienothiophenes (4), and isoquinolines (5). These workers directed special attention to the ipso substituent
chemical shift (ISCS), i.e. the difference in chemical shifts between the substituted carbon atom in the derivative and that
in its parent compound (with H attached to the carbon). Meanwhile, literature ISCS values for monosubstituted benzenes
were accumulated in a table by Ewing (6), who noted that theoretical calculations were inadequate to account for these
data (7). Nonetheless, as shown in references 1-5, if one keeps the solvent and the position of substitution on the
heterocyclic ring constant one obtains a linear plot for ISCS for the heterocyclic system versus ISCS for the same array of
substituents in the benzene system. In the present paper we report 13C NMR data for chemical shifts in the parent
system thieno[2,3-bjpyridine 1 and 25 of its derivatives 2-26, as well as the parent system thieno[3,2-b]pyridine 27 and 19
of its derivatives 26-46 (see Tables 1 and 2). Data derived from ISCS plots are also presented (see Tables 3 and 4).
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Experimental and Procedure

Compounds 1-46 were available from previous studies (8-17) and were converted to analytical purity before use.
13C NMR spectra were obtained on a Nicolet NTC-360 FT NMR instrument with 12-mm tubes containing 0.2-6% (wt/wt)
solutions of these compounds in CDClg, plus tetramethylsilane as an internal standard. Both proton-coupled and proton-

decoupled spectra were used, to aid in the positional assignments of frequencies and to correlate specitic 13C signals with
specific H signals previously reported. 13C chemical shifts for system 1 are given in Table 1, while those for system 27

are shown in Table 2. Data are estimated to be accurate to +0.1 ppm in most cases. One-bond CH coupling constants
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were also measured for the protons in the thiophene rings of the parent systems 1 and 27 as well as their 2- and 3-mono-
substituted derivatives 2-9 and 28 38 to an accuracy of +1 Hz. Thienopyridine ISCS values for those functional groups
which also appear in the table of Ewing (6) are collected in Table 3. These thienopyridine values were plotted versus
those for the benzene system by means of a Mathcad computer program (18) which determines the least-squares linear
fit of the data and calculates the slope k and intercept ¢ of the line as well as the correlation coefficient rfor the data. The
numerical results are presented in Table 4.

Table 1: 13C NMR Chemical Shifts (5) for Substituted Thieno[2,3-b]pyridines?

Comp.  Substituent c-2 c-3 C-3a C-4 c5 c-6 C-7a Other Cb

none 126.9 121.4 132.4 130.9 119.3 146.4 161.8
2-C(=O)H 143.0 130.6 132.1 133.8 120.5 150.3 163.6 184.8
2-C(=0O)CH3 143.6 127.0 132.8 133.5 120.3 149.7 163.5 192.1 26.6

3-NO2 1324 140.2 124.4 132.2 121.9 148.7 159.3
3-NH2 100.4 136.1 126.9 127.5 118.5 146.7 161.0
3-NHC(=O)CHs 114.0 126.7 126.4 127.4 118.9 147.0 159.6 168.5 239

3-Cl 1214 118.8 129.8 129.4 119.8 147.6 159.6

3-Br 124.2 105.2 131.3 130.7 120.0 1475 159.9
3- 129.9 753 1341 132.7 120.3 1475 160.0

4-CHj 126.1 119.6 132.7 142.0 120.2 146.5 161.6 181
4-Cl 127.8 119.7 1315 138.5 119.6 1469 162.6

4-NH2 123.4 116.9 120.4 148.1 104.0 147.7 163.0

5-Cl 1294 120.8 133.3 130.2 128.3 1455 159.5

5-NO2 1311 122.2 130.7 126.1 141.8 141.4 166.5

5-NH2 127.8 120.7 133.1 115.3 139.7 137.3 152.4

5-CN 130.1 1213 131.6 134.4 105.4 147.7 164.8 117.3

5-C(=O)CH3 1287 1222 1320 1308 1287 1466 1655 196.6 26.9
5-C(=0)OCH3 128.6 1220 1320 1325 1222 1472 1653  166.1 52.4
5-CH2CH3 1271 1212 1326 1298 1352 1473 1594 26.0 15.8
6-Cl 1274 1211 1313 1331 1201 1479  161.1
6-CN 1321 1215 1347 1316 1234 1294 1622 1176
6-C(=O)CHz  131.0 1215 1349 1313 1174 1505 160.7 199.7 258
6-C(=O)NH2 1300 1216 1348 1319 1182 1465 1602  166.7
6-C(=S)NH2 1306 1216 1347 1314 1211 1474 1593 1956
6-C(=NH)NH2 1290 1215 1336 1316 1167 1478 1603 160.8
6-C(=NH)OCH3 1294 1213 1338 1318 1169 1445 1613  166.7 54.0
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a) Chemical shifts are in ppm from tetramethylsilane in CDCl3 as solvent. b) Listed in order of the carbon atoms in the
substituent as shown in the second column.
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Table 2: 13C NMR Chemical Shifts (8) for Substituted Thieno[3,2-b]pyridines2

Heterocyclic Communications

Comp.  Substituent C-2 c-3 C-3a C-5 C-6 c-7 C-7a Other Cb
ri4 none 130.5 125.1 156.0 147.2 1185 130.3 133.0

23 2-Cl 1372 1241 1549 1477 119.0 1295  133.1

29 2-Br 1209 1279 1557 1476 1189 1293 1351

30 2-1 84.1 1348 1566 1474 1187 1289 1383

AN 2-C(=O)H 1459 1346 1546 149.0 1217 1314 1369 1846
32 2-CH20H 151.1 1211 155.6 146.7 118.5 130.6 133.7 60.5
33 2-C(=O)CH3 1469 1302  155.1 1486 1212 1310 1369 1921 26.8
4 2-CN 1138 1357 1534 1494 1215 1305 1354 1138
35 3-Cl 1248 1228 1505 1479 1196 1310 1322

36 3-Br 1274 1100 1518  148.1 1195 1309 1321

K4 3-l 1325 823 1545 1482 1194 1306 1314

a8 3-NO2 1354 1422 1456 150.0 120.7 1314 1330

29 5-Cl 1322 1245 1558  149.1 1193 1326 1316

40 5-CN 1337 1250 1567 1309 1221 1314 1362 117.7
41 5-C(=O)NH2 1322 1248 1547 1473 1172 1314 1360 167.2
42 5-C(=S)NH2 1325 1249 153.7 1484 1200 1310 1360 196.2

43 6-C(=0)CH3 1353 1252 1587 1477 1275 1307 1328 196.2 26.9
44 7-Cl 1314 1258 1574 1480 1186 1382 1329

45 7-NH2 1280 1261 1575 1486 1034 1479 1193

46 7-NO2 1355 1253  160.8 1483 1120 1485 1252

a) See footnote a, Table 1. b) See footnote b, Table 1.

Discussion of Results
The following figures compare the 13C NMR chemical shifts for positions in the heterocyclic rings of our parent

thienopyridines with those of thiophene, benzo[b]thiophene, pyridine and quinoline—all compared to trimethylsilane as a

reference (19,20).

130.9

119.3 (\,F‘
1464 >
4 s

N

1

121.7
151.1

1214
126.9

136.2

14727 % f 1251
1185 Is 130.5
130.3
27

e
S~

First one notes that the chemical shifts of the a, p and y carbons, respectively, in the pyridine rings of 1 and 27 are closely
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similar, i.e. less than one ppm different. Thus, the orientation of the fused thiophene ring in the two systems has very little
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difference in its interring effect. The order of the shifts is a > ¥ > B, the same as in pyridine and quinoline, though the
fused thiophene ring causes all of the shifts to be smaller in 1 and 27. In contrast, signals for C-2 and C-3 in the
thiophene ring of 27 fall 3.6-3.7 ppm downfield from those of 1. The order of shifts 2- > 3- for the thienopyridines is the
same as reported for benzo[blthiophene (20), but the reverse of the order for thiophene (19). Therefore, to corroborate
our positional assignments of the C-2 and C-3 signals in 1 and 27 we also measured the one-bond CH coupling constants
(WUcH = 184 and 170 Hz, respectively, in 1 and 186 and 172 Hz in 27). These were then compared with the
corresponding coupling constants found in the 3- and 2-monosubstituted derivatives (of known chemical structures) in the
two systems (1Jc|.| = variously 181-192 for 4-9, 171 for 2 and 3 in system 1; variously 190-193 for 35-38, 170-178 for 28-
34 in system 27). For thiophene 1JcH values are 189 for position 2 and 168 for position 3, consistent with the

thienopyridine results (21).

Table 3: Ipso 13C NMR Substituent Chemical Shifts (ISCS) Calculated for the Thieno[2,3-b]pyridine 1
Thieno[3,2- blpyridine 27 and Benzene 47 Systems?

Substituent ISCSP Substituent ISCSP
For1 For 27 For 47°¢ For 19 For 27° For 47¢

2-Cl 6.7 6.3 a-Cl 15 1.9 6.3
2-Br -9.6 -5.8 a-Ac 41 8.9
2| -46.4 -34.1 a-CN -17.0 -16.3 157
2-CHO 16.1 15.4 8.4 a-C(=O)NH2 0.1 0.1 5.0
2-Ac 16.7 16.4 8.9 -Cl 9.0 6.3
2-CH20H 206 12.4 B-NO2 225 19.9
2-CN -16.7 -15.7 B-NHz 20.4 18.2
3-Cl -2.6 2.3 6.3 B-Ac 9.4 9.0 8.9
3-Br -16.2 -15.1 5.8 B-CN -13.9 -15.7
3 -46.1 -42.8 -34.1 B-COoMe 29 20
3-NO2 18.8 17.1 19.9 B-Et 15.9 15.6
3-NH2 14.7 18.2 ¥Ci 76 7.9 6.3
3-NHAc 53 9.7 -NO2 18.2 19.9
¥NH2 17.2 176 18.2
+Me 11.1 9.2

a) Positions of substituents refer only to compounds 1 and 27. b) ISCS values are in ppm for CDCl3 as a solvent.
c) See reference 6. d) Forcompound1: a=6,B =5,andy=4. e) Forcompound27: a=5,B=6,andy=7.

In Table 3 ISCS data are grouped according to (a) the chemical nature of the substituent and (b) the location of the
substituent (in systems 1 and 27) with respect to the heteroatom in its own ring. Thus, for substituents in the thiophene
ring (where the S atom is designated as position 1) numbers 2 and 3 represent analogous locations in both systems. In
contrast, for substituents in the pyridine ring the Greek letters a, B, and y are used to show positions relative to the N
heteroatom. This grouping shows closely similar numerical ISCS values (12% maximum variation from the average) for
the twelve pairs of corresponding thienopyridine derivatives (e.g. the 2-Ac pair, the a-Cl pair, etc.) in Table 3. For the
eight chlorothienopyridines listed, one notes a marked effect of ISCS on the position of substitution in the order B- (9.0) >
¥ (7.7 ave.) > 2- (6.7) > a- (1.7 ave.) > 3- (-2.5 ave.). The more limited nitro and amino compounds fall in the same partial
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order B- >y 2 3-, while the acetyl compounds give an altered order 2- > B- > a-. For chlorothiophenes the positional order
is also 2- (4.1) > 3- (-1.6) (2); while for chloropyridines it is B- (8.2) > a- (1.4) (3,22) and for chloroquinolines one has y-
(6.7) > a- (0.2) (23).
Table 4: Linear Regression Data for Plots of 13C NMR Ipso Substituent Chemical Shifts (ISCS) in
Thiophene T and Pyridine P Rings versus ISCS in Benzene B Rings
Equation: ISCSTor p = K(ISCSpg) + €

Parent Substituted Solventd Slope Intercept No. of Points, Corr. Coeff., Reference
Comp. Position k c n r
1827 2T c 1.427 2.25 9 0.992 b
1827 3T c 1.143 -6.34 10 0.991 b
1827 o-P c 0.830 3.21 7 0.987 b
1827 B-P c 1.014 1.14 8 0.995 b
1827 +P c 0.875 1.61 6 0.988 b
T 2T A 1.37 -0.55 11 0.96 ()¢
T 3T A 1.17 -2.38 9 0.96 )¢
T 2T N 1514 0.58 6 0.991 (1)
T 37 N 1.343 -1.99 6 0.980 —{1)
48 2-T A 1.273 0.94 8 0.922 (@)
49 2-T A 1.087 3.66 8 0.929 (4)
P a-P Nd 0.604 2.16 10 0.927 (3)
P B-P Ne 0.861 0.93 8 0.997 3)
P +P Nf 0.999 0.15 10 0.988 3)
IsoQ9 1-ph (o] 0.483 -4.76 7 0.951 (5)
IsoQd 3ph c 0.755 -3.44 7 0.985 (5)
IsoQd 4P c 0.849 3.69 7 0.991 (5)

a) A =acetone-dg; C = CDCI3; N = neat or none. b) This study. ¢) Data taken directly from the reference. d)
Exception: one solid was measured in CClg as solvent. ) Exceptions: two solids were measured in CClg. f) Excep-
tions: one solid was measured in dioxane and another, in ethanol. g) Isoquinoline. For the isoquinoline substituents
NCsH1o and OEt, reported benzene values are used for NCgH12 and OMe, instead. h) These positions are alpha to the
heteronitrogen atom. i) Beta to the nitrogen atom. j) Exception: one compound was measured in CDCI3-CD30D.

Table 4 gives data for the linear regression plots of ISCS for our monosubstituted thienopyridine systems versus
ISCS for the same array of monosubstituted benzenes. In accordance with the data in Table 3 and the discussion in the
previous paragraph five separate plots were made for the combined systems 1 and 27, namely for substitutions at
positions 2, 3, a, B, and y. The large values (0.987-0.995) for the correlation coefficients r for these plots reflect the
accuracy of measurements shown in Tables 1 and 2 and serve to justify the combination of data from the two thieno-
pyridine systems.

We propose to designate the slope k as a 13C NMR sensitivity factor, the value of which depends on the nature of
the parent system, the position of substitution, and the solvent used. The standard of reference is benzene, for which k=
1 in whatever solvent is chosen. From the data in Table 4 one notes that the 13C NMR chemical shift for either C-2 or C-3
in a thiophene ring is more responsive to changes in the nature of the substituent than is the ipso carbon in benzene and
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that the effect on C-2 exceeds that on C-3. For the two thienopyridines, changing substituents in the a or y positions elicit
similar responses which are less than in benzene, while such changes in the B position give a response about the same
as in benzene. Substitutions into pyridine or the heterocyclic ring of isoquinoline again show low sensitivity factors. We
are not ready to offer a theoretical explanation of these results at this time.

Compounds 24-26 and 42 are not included in Table 3 because their substituents, viz. thiocarbamoyl, guanyl and
methyl imidate are not listed in Ewing's table. From the regression equations one can estimate values of 5.1, 5.6, and 1.6,
respectively, for these benzene ISCS values in CDClg.

Concluslons

From data on the 13C NMR chemical shifts of thieno[2,3-b]pyridine and thieno[3,2-b]pyridine plus 44 monosub-
stituted derivatives of these parent compounds one obtains linear relationships between ipso substituent chemical shifts
(ISCS) in the thienopyridine systems versus those in the benzene system. The slope k of the regression line is dependent
on the specific position of substitution in the thiophene or pyridine ring. Values of k (termed sensitivity factors) are larger
for substitution into the thiophene ring than for substitution into the pyridine ring.
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