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The 3C NMR spectra have been reported on substituted 2-thiophenecarboxylic acid methyl esters. The
chemical shift of ring carbons in methyl (4- and 5-substituted 2-thiophenecarboxylate)s was correlated linearly
with that of the corresponding carbons in substituted thiophenes. Plots of the 3C-H coupling constants of
methyl (substituted 2-thiophenecarboxylate)s against those of substituted thiophenes showed a good linear

relation.
bonds obtained by MNDO calculation.

The 'HNMR spectra of methyl (3-substituted 2-
thiophenecarboxylate)s (1), methyl (4-substituted 2-
thiophenecarboxylate)s (2), and methyl (5-substituted
2-thiophenecarboxylate)s (3), were reported by one of
the present authors,? and the effects of the substituents
were discussed.? The additivity rule for the 'H
chemical shifts of simple substituted thiophenes was
applicable to the ring protons in the compounds of
series 2 and 3, but inapplicable to those in the
compounds of series 1. Based on the facts we
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examined the 13CNMR spectra of substituted 2-
thiophenecarboxylates of these three series. Similar
deviation from the additivity rule has also been
observed by 13C chemical shift of some 2,3-
disubstituted thiophenes by the present authors. The
deviation will be due to steric and electronic
interaction between the neighboring substituents on
thiophene ring. The conformational change may
affect on the deviation, because the anisotropy caused
by substituents as well as the attractive interaction
between substituents considerably perturbs 13C and 'H
chemical shifts. Molecular orbital calculation with
geometry optimization has been applied in many
investigations as one of the reliable methods for
predicting the stable conformer. Among many
versions of MO calculation, MNDO29 is known as
the most practicable and trustworthy way to estimate
the geometry and the energy of conformation of the
organic molecule.

We will discuss the relation between observed 13C
chemical shift and the stable conformers predicted by
MNDO calculation. In addition, this report deals
with the correlation between the percent s character
obtained from 1Jc-y and that calculated by MNDO
method.

The 3C NMR data were interpreted by the stable conformation and percent s character of C-H

Experimental

The preparation of materials were described previously.?
IBCNMR spectra were recorded by a JEOL FX-90Q
spectrometer. The concentration of sample solutions was
adjusted to approximately 0.6 mol dm—3. The chemical shift
was measured in an accuracy of 0.1 ppm with internal
TMS reference in a CDCls solution at the probe
temperature. Data acquisition was done by the following
conditions: flip angle of pulse 30°, number of transients
1000, data points 16384, and spectral width 4500 or 5000 Hz.
The 13C-H coupling constant in an accuracy of 0.1 Hz was
obtained from proton coupled spectra measured by the
normal gated decoupling technique. Data acquisition was
done by the following conditions: flip angle of pulse 45°,
number of transients 2000, data points 16384, and spectral
width 450 Hz.

MNDO Calculation2-3

The MNDO (Modified Neglect of Diatomic
Overlap) calculation, semiempirical SCF molecular
orbital calculation which takes all valence electrons
into account, was carried out by MOPAC program#
on HITACHI M-280H computer at the Computer
Center of the University of Tokyo. By the standard
MNDO calculation, electronic energy, core-core
repulsion energy, ionization potential, heat of
formation, density matrix (electron density and bond
order), eigenvalue (energy level), and eigenvector of
the molecular orbitals can be obtained. The structure
of stable conformers of methyl (substituted 2-
thiophenecarboxylate)s was estimated by means of
XDC data base (Cambridge Crystallographic Data
Base) installed at the Computer Center of the
University of Tokyo. The structural parameters were
used as the input data for the MNDO calculation. The
s character of the C-H bonds was calculated from the
coefficients of the corresponding molecular orbitals.

Results and Discussion

The BC NMR signals of methyl (3-, 4-, and 5-
substituted 2-thiophenecarboxylate)s (1—3) were as-
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signed by the procedures described below. The signals
of protonated carbons were assigned from the -~ 3
coupling constants of carbon-proton bonds. Since P 5:3 il'i
Jcu, in thiophene compounds is larger than Jcu, or ° .g‘ ,\6,
Jca, by ca. 15Hz,5-? Cs and C4 in the compounds of o Yy =
series 1 and Cs and Cs in the compounds 2 are easily 8 + ©
distinguished from each other by 3C-H one bond %
coupling constants. The 18C-signals of Cs and G4 in =g | BlenXeqmeong
. . w |8 PNt OO0 EOYon
the compounds of series 3 were assigned by the L |2 >
comparison with those of substituted thiophenes and A |8 2l o~ o 00— O
partly by the analysis of line splitting due to a long- o | & _%‘ P S, RN S
range coupling.5:® The signals of quaternary carbons g e
were assigned by their intensity, and also by the 13C-H T S| zoaemanon o
long-range couplings. The results are given in Tables .§ _%'; BERBREEE8Y
1—3. : grRE222Z
The plots of the chemical shift of carbons in methyl g
. . . & «OFODO ~ O W
(4-substituted 2-thiophenecarboxylate)s against that g IS S s S Sed s o
. . A . .L SIRRORRKRNNGNNKN
of the corresponding carbons in 3-substituted thio- = S
phenes® showed good linear correlations (6Cz 79 p
0.917, p 1.09, 5 0.396; 6Cs3 7 0.993, p 1.06, s 0.464; 6C4 7 2
1.000, p 0.981, s 0.621; 6Cs r 0.996, p 0.898, s 0.843). B EE'\’
The chemical shift of carbons in methyl (5-substituted 2 o
2-thiophenecarboxylate)s also correlates linearly with a ~ e
that of the corresponding carbons in 2-substituted © SRR
thiophenes. These results suggest that the additivity = .
rule for the 18C chemical shift of simple substituted B 0 ooy o
tt.liophenes is a_pplicable to the chemical sh.ift of the E £ 55 58 8
ring carbons in methyl (4- and 5-substituted 2- > 0| ow © ¥«
thiophenecarboxylate)s in which two substituents are g 22 8KLI
attached to non-adjacent ring-carbon atoms. How- g -
ever, the chemical shift of carbons in methyl (3- ]
. . 2O U —~ = =S
substituted 2-thiophenecarboxylate)s and that of the 8 Blad m = i o & oA
. . . . S |~ | S|Hhowowininininin b o
corresponding carbons in 3-substituted thiophenes 2=
. . . v
showed poor correlations. Thus, the interaction 3 |&

. . .. o |2 © =~ OO NI I~ N
among substituents seems to result in deviation from o Pl 8l ed
the linear correlation. The interaction will be of steric & F|TREREEE22R
nature, and the perturbation by neighboring substitu- g |
ent in a conformational preference can cause a TS| |reatangane

. . . - 5 OINOQNMIO—~NOQODO D
considerable change in chemical shift. - SHONSOOORARN
In order to investigate the relation between ‘E
chemical shift and stable conformation, we have s FFOND O~ I~ —
estimated the stable conformation of these thiophene S S E CESNIERBI
derivatives and their populations by MNDO calcula- g AR
tion. Methyl 2-thiophenecarboxylate can take any one 5
of the planar conformers a—d. Our calculations Tnoecn s
P e £ |S|8ds=83559
showed, however, that this ester is a mixture of a (50%) = DRIZDXeIxaeX
and b (50%) conformers and that other two conformers 3]
(c and d) have considerably higher energy than a and = Joomaonvnunaon
b. The calculations also showed that all other esters - SRBEISIRBFI]
do not exist in the ¢ and d conformers. It agrees with =
<
=
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the previous reports informing the predominance of conformation preferentially, while the electrostatic
(Z)-conformations in alkoxycarbonyl groups.10-12 interaction between sulfur and carbonyl dipole repels
In general, conjugated enones take s-trans (b) to each other to make the s-cis (a) conformer

Table 4. The Stable Conformers and Their Abundance (%) of Methyl
(3-Substituted 2-Thiophenecarboxylate)s (Series 2)
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predominant.

Thus, the competition of effects of
opposite directions controls the equilibrium between
the conformers. The stable conformations calculated
and their populations for methyl (substituted 2-
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thiophenecarboxylate)s are shown in Tables 4—®6.
The two possible rotamers about the methoxy-
carbonyl group of methyl (4- and 5-substituted 2-
thiophenecarboxylate)s are estimated to be nearly

Table 5. The Stable Conformers and Their Abundance (%) of Methyl

(4-Substituted 2-Thiophenecarboxylate)s (Series 2)
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equally populated, because the energy difference
between s-cis and s-trans conformers calculated is
small, though the trans conformer has a slightly lower
energy than the cis conformer. This implies that the
conformational distribution of these substituted

compounds is similar to that of parent methyl 2-
thiophenecarboxylate, and, in addition, the four
stable conformers exist in a nearly equal population
even when the substituent (X) is unsymmetrical with
respect to the plane perpendicular to molecular plane

Table 6. The Stable Conformers and Their Abundance (%) of Methyl
(5-Substituted 2-Thiophenecarboxylate)s (Series 3)
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(i-e. when the substituent is methyl, formyl, acetyl, and
methoxycarbonyl). In methyl (4- and 5-substituted
2-thiophenecarboxylate)s, methoxycarbonyl group
was confirmed to be coplanar with thiophene ring.
The additivity rule for the 13C chemical shift of
substituted thiophenes should be applicable to
explain the chemical shift of ring carbons in the
compounds of series of 2 and 3, because the effect of
two dissimilar conformations balances in series 2 and
3.

In the compounds of series 1, the conformational
equilibrium tends to shift to the most stable
conformer, and the population sometimes becomes as
high as 80%, generally ca. 70%. As a whole, the
neighboring substituent effect seems to be governed by
the electrostatic interaction between substituent and
2-methoxycarbonyl group, as revealed by calculated
dipole moments of conformers (Table 7). As enone is
inclined to take the electrostatically stabilized s-trans
conformation, s-trans conformers of 1 predominate
over other conformers. In other words, carbonyl
group of 2-methoxycarbonyl tends to lie ant: to the

13C NMR of Methyl 2-Thiophenecarboxylates and MNDO Calculations
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Table 7. Calculated Dipole Moments and Populations
of the Most and Next Stable Conformers of 1

X UX Esj(;o

/0\
(i CH3 6
\CH3
Dipole Population  Dipole Population
moment/D % moment/D %
H 2.58 50 1.65 50
Cl 1.79 69 2.48 31
Br 1.81 68 2.24 32
I 1.66 62 2.25 38
+ NO, 2.77 71 5.22 29
CH, 2.62 38 1.50 62
CH,CO
(s—ci?r) 3.46 81 3.51 19
CHO
(s-trans) 0.36 24 2.76 76*

a) This conformer is capable of forming CH---O hydro-
gen bond.

Table 8. Electron Density of Methyl (Substituted 2-Thiophenecarboxylate)s

No. X eg, ec, ec, ec, ec €co ecH, Others
3-Substituted compounds
1 H 0.157 —0.212 0.014 —0.111 —0.119 0.397 0.187
2 OCH, 0.181 —0.250 0.157 —0.160 —0.095 0.406 0.187 0.182(OCH,)
3 CH, 0.153 —0.198 —0.027 —-0.095 —-0.119 0.396 0.187 0.079(CH,)
4 Cl 0.187 —0.196 0.047 —0.094 —0.118 0.395 0.186
5 Br 0.185 —-0.181 —-0.012 —-0.086 —0.111 0.354 0.186
6 I 0.179 -0.162 —-0.157 —-0.079 —0.122 0.388 0.186
7 CHO 0.164 —0.159 —0.100 —0.064 —0.127 0.392 0.186 0.305(CHO)
8 COCH;, 0.18¢ -—0.131 —-0.081 —0.083 —0.128 0.382 0.185 0.231(CO) 0.006(CH,)
9 COOCH,4 0.179 —0.13¢ —0.049 -—-0.067 —0.13¢ 0.381 0.185 0.370(CO) 0.186(CHjy)
10 NO, 0.220 —-0.121 —-0.033 —-0.059 —0.130 0.378 0.184
4-Substituted compounds
11 OCH, 0.173 —0.196 —0.017 0.036 —0.146 0.396 0.187 0.188(OCHy,)
12 CH;, 0.157 —0.212 0.030 —0.155 —0.101 0.397 0.187 0.093(CHj,)
13 Cl 0.184¢ —0.207 0.026 —0.065 —0.102 0.396 0.186
14 Br 0.182 —-0.210 0.032 —-0.123 —0.087 0.397 0.187
15 I 0.178 —0.210 0.041 —-0.268 —0.068 0.397 0.187
16 CHO 0.172 —-0.215 0.044¢ —0.231 —-0.038 0.397 0.187 0.324(CHO)
17 COCH, 0.177 —-0.215 0.038 —0.192 —0.039 0.396 0.187 0.259(CO) 0.002(CHj,)
18 COOCH;,4 0.180 —0.220 0.050 —0.157 —0.036 0.397 0.187 0.384(CO) 0.187(CHy)
19 NO, 0.219 —-0.212 0.051 —-0.137 —-0.028 0.397 0.187
5-Substituted compounds
20 OCH, 0.178 —0.242 0.051 —o0.181 0.030 0.401 0.188 0.178(OCH,)
21 CH, 0.169 —-0.211 0.012 —0.092 -—-0.162 0.396 0.187 0.088(CH,)
22 Cl 0.206 —0.208 0.013 —0.080 —0.098 0.396 0.187
23 Br 0.209 —-0.206 0.009 —0.069 —0.154 0.395 0.187
24 I 0.207 —-0.200 —0.006 —0.047 —0.296 0.394 0.187
25 CHO 0.213 —0.190 —-0.009 —-0.030 —0.252 0.393 0.187 0.323(CHO)
26 COCH, 0.188 —-0.18 —-0.010 —0.018 —0.209 0.392 0.187 0.258(CO) 0.002(CHy)
27 COOCH;, 0.227 —-0.195 —-0.013 —-0.013 —0.195 0.400 0.190
28 NO, 0.276 —0.174 —0.020 0.018 —0.197 0.389 0.186
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electronegative group at the 3-position, avoiding close
access of two negatively charged atoms. Exceptional-
ly, in methyl 3-formyl-2-thiophenecarboxylate, the s-
cts conformer which has higher dipole moment is
predominant to the trans conformer. In the most
stable conformer of the formyl derivative, weak
intramolecular interaction like hydrogen bonding!®
will occur between formyl proton and carbonyl
oxygen of methoxycarbonyl group, because the
proton is acidic due to the electron-attracting ability
of formyl carbonyl oxygen. The assumption is
supported by remarkably large bond population
(0.00338) between nonbonded formyl hydrogen and
carbonyl oxygen of 2-COOCHs. The bond popula-
tion between two nonbonded atoms is usually less
than 10-5. In respect of this figure, the bond popula-
tion is exceptionally large and comparable to the
value for OH...n hydrogen bonded atoms.’¥ On the
other hand, in acetyl, methoxycarbonyl, and nitro
derivatives, methoxycarbonyl group will lose the
coplanarity with thiophene ring due to the steric
hindrance. Since the alkoxycarbonyl conformation of
3-substituted 2-thiophenecarboxylates is remarkably
altered by a neighboring substituent, the magnetic
anisotropy and electric field by carbonyl group will
affect differently the chemical shift of ring carbons in
each compound.’® The chemical shift of ring carbons
of methyl (3-substituted 2-thiophenecarboxylate)s is
not correlated linearly with that of substituted
thiophenes. However, if various effects by steric and
electronic interactions between the neighboring
substituents on thiophene ring in the compounds of
series 1 are corrected, the 3C chemical shift of
compounds of this series will be correlated well with
those of substituted thiophenes.

The electron density values derived from MNDO
calculation of methyl (substituted 2-thiophenecar-
boxylate)s are summarized in Table 8. Levy and
coworkers have reported that the plot of 13C chemical
shift vs. CNDO/2 total charge density for para
position of substituted benzene shows fairly good
linearity.!® However, the MNDO electron density on
the Cz of compounds of series 3 which corresponds to
para position in substituted benzenel?1® correlates
poorly with the 18C chemical shift. For all the
compounds studied, plots of the electron density
against 13C chemical shift showed poor correlations.
As the electron density in MNDO calculation is of the
diamagnetic term, the 18C chemical shift in methyl
(substituted 2-thiophenecarboxylate)s is considered
to be controlled by the paramagnetic contributions as
the case of pyridine.19

The 3C-H one bond coupling constant of the ring
C-H of methyl (substituted 2-thiophenecarboxylate)s
is correlated linearly with that of substituted
thiophenes [1Jcu, (1) 70.991, p 0.903, 5 0.465; e, (1) 7
0.975, p 1.04, 5 0.442; ], (2) 7 0.996, p 0.958, s 0.364;
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Table 9. Comparison of Observed and Calculated
Persent s Characters of C-H Bonds for Methyl
(Substituted 2-Thiophenecarboxylate)s

pCJHs(%) pCaHa(%) PcsHs (%)
No. X -
obs caled obs calcd obs caled
3-Substituted compounds
1 H — — 34.1 33.5 37.2 36.0
2 OCH, — — 34.1 33.4 37.4 36.0
3 CH, — — 33.5 33.7 37.0 36.0
4 Cl — — 35.2 33.8 37.7 36.2
5 Br — — 35.3 33.8 37.6 36.2
6 I — — 35.2 33.9 37.5 36.2
7 CHO — — 34.8 34.0 37.6 36.2
8 COCH;, — — 34.4 33.6 37.5 36.1
9 COOCH; — — 34.7 33.9 37.6 36.1
10 NO, — — 35.9 34.1 38.4 36.4
4-Substituted compounds
11 OCH,4 34.4 33.5 — — 36.8 35.9
12 CH;, 33.6 33.6 — — 36.5 36.1
13 Cl 35.4 33.8 — — 38.1 36.2
14 Br 35.5 33.9 — — 38.3 36.2
15 1 35.4 33.9 — — 38.3 36.3
16 CHO 34.8 33.7 — — 37.3 36.3
17 COCH;, 34.6 33.6 — — 37.2 36.3
18 COOCH; 35.0 33.9 — — 37.8 36.3
19 NO, 36.2 34.1 — — 38.8 36.2
5-Substituted compounds
20 OCH, 34.1 33.8 34.0 33.6 — —
21 CH, 34.0 33.5 33.6 33.6 — —
22 Cl 34.7 33.8 34.9 33.8 — —
23 Br 34.6 33.7 35.0 33.7 — —
24 1 34.5 33.7 34.9 33.8 — —
25 CHO 34.8 33.7 34.1 33.9 — —
26 COCH;, 34.6 33.7 34.0 33.8 — —
27 COOCH,; 34.6 33.7 34.6 33.7 — —
28 NO, 35.3 34.0 35.6 33.9 — —

e (2) 7 0.999, p 0.973, s 0.192; Y cn, (3) 7 0.990, p
0.854, 5 0.301; ¢, (3) r 0.994, p 0.899, s 0.297]. It is
interesting that the relation between the 13C-H one
bond coupling constants of methyl (3-substituted 2-
thiophenecarboxylate)s and those of 3-substituted
thiophenes is linear. Although the substituent effect
on the BC chemical shift of ring carbons is consider-
ably affected by steric and electronic interactions
between neighboring substituents, the substituent
effect on 1Jcu, (1) and Jcn, (1) is linear.

The percent s character (pc—y) obtained by an
empirical correlation expressed by Eq. 120 from Jc-x
of methyl (substituted 2-thiophenecarboxylate)s is
given in Table 9 together with the results calculated
by MNDO method.

pc-1=0.2c-u (1)

It was shown in Tables 1 and 2 that !¢, is larger than
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1]cn, Or 1Jcn,, and the same tendency also appeared in
the results by MNDO calculation. Plots of the percent
s characters for all 28 compounds from Jc-y and
MNDO method showed a good correlation (r 0.940, p
0.718, 5 0.386).

The authors wish to thank Mr. Hitoshi Shimazaki
for his assistance in MNDO calculation. The
calculation was carried out by HITACHI M-280H
computers of the University of Tokyo and Institute for
Molecular Science.
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