Jul-Aug 1988

Acetal Formation from Formylthiophene-2-carboxylic

1083

Acids and Recalculation of o; and oz Substituent Con-
stants of the Acetal Group by *C NMR Chemical Shifts

Liliana Lamartina*

Dipartimento di Chimica e Tecnologie Farmaceutiche,
Via Archirafi 32, Palermo 90123, Italia

Renato Noto

Istituto di Chimica Organica,
Via Archirafi 20, Palermo 90123, Italia

Caterina Arnone

Dipartimento di Chimica Organica,
Via 8. Donato 15, Bologna 40127, Italia
Received October 15, 1987

A uv-visible, 'H and *C nmr study has been carried out to show that 4-, 1, and S-formylthiophene-2-
carboxylic acids, 2, give acetals in methanol. The ms data have confirmed the acetal formation, which has
been studied kinetically by the uv technique. The substituent chemical shifts induced on the carboxy carbon
atom and on the endocyclic carbon atoms in the acetals formed from 1 and 2 and in the corresponding anions
have been used to recalculate o; and o, values by means of a dual substituent parameter treatment of data.
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In the course of a **C nmr study of some 4- and 5-substi-
tuted thiophene-2-carboxylic acids perdeuteriomethanol
[1] we observed that addition of solvent occurred in car-
bonyl substituted acids [2]. In fact, the '3C nmr spectra
showed a signal at ca. 101 ppm due to the sp>hybridised
carbon atom of the “‘aldehyde group”’.

We now report a spectroscopic study of 4-, 1, and 5-
formyl-thiophene-2-carboxylic acids, 2, showing that these
compounds, when dissolved in methanol, easily give the
corresponding acetals.
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The 'H nmr spectroscopy appeared a suitable technique
for the elucidation of the structural variations observed
(see data in Table). A freshly prepared methanolic solution
of 1 gave three distinct bands with different areas at &
9.90, 5.55 and 5.45 relative to the proton bonded at the ex-
ocyclic carbon atom of the substituent, X. Spectra record-
ed at various times showed that peak areas changed and
an analysis of the integrated areas indicated that a multi-
step (consecutive) reaction takes place: the data were inter-
preted as due to formation of the hemiacetal and the
acetal of compound 1 as shown in the Scheme. After ca. 7

hours the shape of the integrated areas suggested that in
the reaction mixture at least 95% of acetal was present, so
indicating a large shift of the equilibrium. The mass spec-
trum of the residue obtained after distillation of methanol
at reduced pressure confirmed that 1 was wholly converted
into the corresponding acetal (M* 208).

A slower analogous transformation was observed when
compound 2 was dissolved in perdeuteriomethanol and
the 'H nmr spectra were determined at various times. The
acetal structure of the transformation product was, as
above, also confirmed by the mass spectrum (M* 208).

We attempted a kinetic study of the reaction of alde-
hydes with methanol by calculating the first-order reaction
rate constants (i.e., the rate of disappearance of the alde-
hydes) from the variation of the peak areas with the time
but we did not obtain ‘linear’ kinetics. Since the reactions
are acid-catalysed, the behaviour observed depends clearly
on the fact that the electronic effects of the formyl, of the
hemiacetal and of the acetal groups are different from
each other and as a consequence the strength of the acids
involved and the hydronium ion concentration change
during the course of the reaction. In order to remove this
complication the kinetic runs were repeated after addition
of some trichloroacetic acid (a suitable strong acid) and
the rates of disappearance of the aldehydes were followed
by monitoring the carbonyl uv absorption. In this way ex-
cellent straight lines were obtained for the first-order pro-
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cess. The measured values of kinetic constants for a con-
centration of hydronium ion equal to unity [3] at 298 K are
(0.860 + 0.020) M~'s™* for 1 and (6.29 + 0.20) x 107
M-'s7t for 2, respectively. Compounds 1 and 2 show a
lower reactivity with methanol than benzaldehyde (under
the same experimental conditions & 1.74 M™'s™") [4]. In
fact, as expected for reactions with carbocationic inter-
mediates, an electron-withdrawing substituent (particular-
ly in a conjugated position) decreases the reaction rates.
The different reactivity of 1 and 2 is due to the different
stability of alkoxycarbonium ions 3 and 4 formed in the
rate-determining step. As a matter of fact, ion 3 is more
stable than ion 4, which contains an electron-withdrawing
group in a conjugated position.
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An analysis by uv spectroscopy of methanolic solutions
of 1 and 2 performed at various times gave the following
results. Freshly prepared solutions showed A (nm) 232 (m)
247 (sh) with € 17300 and 9500 for compound 1 and A (nm)
285 (m) with € 13900 for compound 2 [5]. After some hours
or days, respectively, the spectra of the solutions gave the
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following different values: A (nm) 245 (m) and 263 (sh) with
€ 8300 and 5000 for compound 1 and A (nm) 254 (m) and
263 (sh) with € 12600 and 11400 for compound 2. These
spectroscopic shifts seem to indicate a reduced conjuga-
tion between X-substituent and the heterocyclic ring ac-
cording to the change of hybridisation of the carbon atom
of X.

Also the *C nmr spectra of acids 1 and 2 in perdeuterio-
methanol revealed the transformation of the X-substitu-
ent. In order to measure the chemical shift values of com-
pounds 1 and 2 in the acetal form we accumulated the
scans only after the complete transformation. The chemi-
cal shift values of acetals of acids 1 and 2, and of the
anions 1- and 2~ together with those of thiophene-2-
carboxylic acid (3) are collected in the Table.

The substituent chemical shifts (SCSs) induced on the
carboxy carbon atom in acetals formed from compounds 1
and 2 compared with those of the series previously ex-
amined [1] indicate that the acetal group produces a sub-
stituent effect similar to that exerted by alkyl or electron-
donating (OMe and SMe) groups [1].

On the other hand, the acetal group is a substituent for

Table

13C [a] and 'H NMR Chemical Shifts (in ppm) Relative to TMS in Perdeuteriomethanol

13C Chemical Shifts

Compound C(2) C(3) C@4) C(5) CO,H or CO,” CH(OCD3),
1A 136.04 (0.35) 133.41 (- 1.17) 142.58 (13.69) 131.43 (—2.39) 165.11 (—0.23) 101.18
1A 145.25 (0.49) 129.69 (—1.10) 141.46 (13.45) 127.65 (—2.22) 169.97 {(—0.37) 101.64
2A 135.71 (0.02) 134.30 (- 0.28) 127.23 (—1.66) 150.67 (16.85) 165.34 (0.00) 101.11
2°A 145.04 (0.28) 130.26 (—0.53) 126.54 (—1.47) 146.19 (16.32) 170.11 (—0.23) 101.59
5 [b] 135.69 134.58 128.89 133.82 165.34
5 [b] 144.76 130.79 128.01 129.87 170.34

'H Chemical Shifts

Compound C(3)-H C(4)-H C(5)-H CHO CH(OD)(OCD5) CH(OCD;),
1 8.10 (s) 8.60 (s) 9.90 (s)
1HA 7.70 (s) 7.80 (s) 5.55 (s)
1A 7.70 (s) [c] 7.70 (s) [c] 5.45 (s)
2 7.90 (s) [c] 7.90 (s) [c] 10.10 (s)
2HA 7.70 (d) [d] 7.10 (d) [d] 5.75 (s)
2A 7.70 (d) [d] 7.10 (d) [d] 5.65 (s)

[a] In parentheses the SCSs relative to the unsubstituted [5 or 5-] have been reported. [b] Data from ref [1]. [c] Two

[d] JC(3)—H,C(4)—H = 4 HZ.

coincident protons.



Jul-Aug 1988

which the literature substituent constant values are scat-
tered [6,7} (o; 0.18 and —0.02, gz 0.00 and —0.03). In
order to recalculate the o; and ox values for this group we
fitted the SCSs data collected for acetals of 4- and
S-formylthiophene-2-carboxylic acids and the correspond-
ing anions in perdeuteriomethanol to the dual substituent
parameter (DSP) linear free energy relationships (l.f.e.r.s)
previously obtained for 4- and 5-substituted thiophene-2-
carboxylic acid and the corresponding anions [1]. In sev-
eral cases, in fact, o-values have been determined by re-
gression. The values obtained are of different reliability
depending on the number of data and on their precision
but anyway they represent the best method to weight the
substituent effect.

The statistical method used to compute substituent con-
stant values is that recommeded by Wold and Sjostrom [8].
In fact, at some moment in time, statistical values will be
more precise than a remeasured value of a single series
because the accumulation of data from several series is
faster than a decrease of the error of measurement in a
single series. Recently [9] 0; and o, values for deuterium
atom have been computed by the same statistical analysis
using *C nmr data.

The substituent constants ¢, and g for the acetal group
have been calculated by quantitative statistical analysis
using equation 1 [10].

SCS = pr0r + prar + 1 (1)

The DSP Lf.e.r.s used by us {1] to separate inductive and
resonance contributions of substituent effects on *C nmr
chemical shifts can be accordingly used for our purpose. A
correlation based on 8 individual carbon shifts relative to
the most significant correlations (R > 0.95) obtained pre-
viously [1] gave the following results: g, = 0.10 + 0.01 and
or = —0.13 + 0.01, with a good multiple correlation coef-
ficient (R = 0.998). It must be noticed that the o value
derived by this analysis is a hybrid out of the different Oir
scales [11,12] currently used to establish the highest fit
correlations between substituents and SCS data, changing
the scale even for different carbon atoms in a single com-
pound. Anyway, not too different results were obtained
when the parameters o; and oz were deduced from correla-
tions performed with homogeneous scales.

The g, value derived in this work well compares with the
estimated literature value (o; 0.18) [5] and with that
reported for the group CH(OH), (o; 0.22) by Grob and
Schlageter [13] in their study of dissociation of 4-substitu-
ted quinuclidinium perchlorates in water. On the other
hand, ¢, 0.05 + 0.1 values were reported for CH,OR sub-
stituents [14]; the substitution of one hydrogen atom with
the methoxy group in the acetal group scarcely affects the
value found with our analysis.

It is usually accepted that the gy values of alkyls arise
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from their hyperconjugative effect which is dependent on
the number of the hydrogen atoms bonded to the carbon
atom of the substituent. Accordingly we have calculated a
resonance constant for the acetal group (ox —0.13 + 0.01)
which falls among the lowest values reported for the
methyl group (sx —0.11 +~ —0.25). The value calculated
by us is in the range of low resonance substituents as also
shown by one of the literature values (6 = —0.03) [7].

EXPERIMENTAL

Spectroscopic Measurements.

The 'H or **C nmr spectra were recorded on Varian 60A and FT80A
spectrometers, respectively, in perdeuteriomethanol solutions with TMS
as internal standard (data in Table). Experimental conditions for **C nmr
spectra are reported in ref [1]. The uv-visible spectra were run on a
Beckman DU-6 spectrophotometer.

Mass spectra were run on a Jeol-JMS-01SG-2 double focusing mass
spectrometer operating with an electron beam energy of 75 eV and ac-
celerating voltage of 10 KV.

Kinetic Measurements.

The kinetics were followed spectrophotometrically in methanol at 25
+ 0.1° in a thermostatted compartment. The concentration of the solu-
tions of the compounds 1 and 2 was ca. 1.70 x 10~* M while that of tri-
chloroacetic acid ranged from 1 x 107 to 4 x 10~ M. The apparent
kinetic constants increase with increasing trichloroacetic acid concentra-
tion: the values reported in the text have been obtained by extrapolation
at [H*] 1 M. Optical density measurements were made by monitoring the
disappearance of the carbonyl uv absorption at the maximum [A (nm) 232

" and 285 for 1 and 2, respectively].

Synthesis and Purification of Compounds.

Methanol was purified as previously described [14]. 4-, 1 and 5-formyl-
thiophene-2-carboxylic acids, 2, were prepared as reported in the refer-
ence quoted in [5).
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