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Thiophene Series. Note IX (1). The absence of Secondary Steric Effects
in Nucleophilic Substitutions of Thiophene Derivatives: Kinetics of the Reactions
of 2-Bromo-3,5-dinitrothiophene and 2-Bromo-3,5-dinitro-4-methylthiophene with Piperidine.

Domenico Spinelli, Giuseppe Guantiand Carlo Dell’Erba

Institute of Organic Chemistry, University of Genoa

The kinetics of the reactions of piperidine with 2-bromo-3,5-dinitrothiophene (1V) and
2-bromo-3,5-dinitro-4-methylthiophene (III) have been measured in methanol, ethanol and

benzene.

Molecular model predictions were confirmed when the kinetic results (kjy/kyp = 2)
demonstrated, for the first time, the absence of secondary steric effects for nucleophilic

substitutions in thiophene compounds.

It is known (2,3) that the halogen atom of 3-chloro-2,6-
dinitrotoluene (I), in contrast to that of chloro-2,4-dinitro-
benzene (11), is very difficult to remove with nucleophilic
reagents (e.g., aniline and piperidine). The kinetic behavior

ol ¢l
NO, NO,
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NO, NO2

of 1 and Il with piperidine in ethanol has been studied by
Capon and Chapman (3). The much slower reactivity of
I has been attributed to steric inhibition of resonance
(S.L.LR.) of the two nitro groups by the intervening methyl
group.

Various cases of kinetic effects, derived from secondary
steric effects in activated nucleophilic substitutions, have
been observed in benzene derivatives (4), polycyclic com-
pounds (5) and 6-membered heterocyclic ring compounds
(6). Recently, Marino and coworkers(7) have pointed out
an interesting case of steric inhibition in the solvation of
the aza-group in pyrimidine compounds.

liowever, the influence of steric effects on nitro-
activated nucleophilic substitutions in 5-membered hetero-
aromatic compounds has not yet been investigated.

These compounds, having a different geometry than
6-membered rings, give rise to a different steric situation.
From an inspection of scale molecular models (8) of I and

of 2-bromo-3,5-dinitro-4-methylthiophene (11I) (see Fig. 1),
we observed that the steric interactions between the methyl
and nitro groups in Il are much less than the same
This is a result of the greater bond

interactions in I.

Br

HxC NOo NOp

OpN S Br

length between atoms 3 and 4 of thiophene ring and the
larger external angles of the 5-membered ring (9).

Consequently, we expected the thiophene compound to
have a lower S.1.R. and a lower kinctic steric effect. To
confirm our expectations we have measured the reactivity
of III and of 2-bromo-3,5-dinitrothiophene (IV) with
piperidine (see Table I).

It is of interest to note that the insertion of a methyl
group between two activating nitro groups in Ill produces
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TABLE 1

Kinetic Data of Piperidinodebromination of 2-Bromo-3,5-dinitro-4-X-thiophenes in Various Solvents.

X= k, 1 mole ! sec™? 1) A ll#(2)

at various temperatures kecal/mole
10.82° 20.06° 30.02°

H 1.13 2.25 4.53 118

CH3 0.438 0.95 185 12.3

H 1.06 1.99 3.78 10.7

CH; 0.563 0.991 2.00 10.7

H 8.32 13.75 8.3

CH; 5.29 8.70 8.2

Vol. 5
-ASF(3) Solvent A max log ¢
k
u.e. H/kCH3 mu
at 20° (4)
16.6 2.3 ethanol 382 4.18
16.4 ethanol 208 4.24
20.6 20 methanol 380 4.20
21.9 methanol 408 4.25
26.0 1.6 benzene 386 4.18
27.2 benzene 404 4.24

(1) The rate constants are accurate to better than + 4%. (2) The probable error is 0.3 kcal/mole. (3) At 20°. (4) The probable error is

* 6%.

only a slight diminution of the rate, i.e., a factor of about
2, Table 1, whereas an analogous diminution in rate by a
factor of 970 (20° in ethanol), mainly related to difference
in activation enthalpy, is reported for I. This latter rate
diminution is explained in terms of steric inhibition of the
conjugation of the nitro groups with the aromatic system
and we feel that there is also an important steric hindrance
to the formation of a solvated intermediate or perhaps a
hindrance toward solvation of the departing halide ion.

The slight difference in reactivity between 111 and 1V,
may be related to the methyl group’s weak power of
repelling electrons and not to its steric effect.

In fact, considering the values of Om-Cl, (10 a) and of
p known for nucleophilic substitutions in thiophene com-
pounds (10 b), and supposing the additivity of electronic
effects of substituents, we can expect the methyl group,
because of its inductive electron release, to determine the
diminution of rate by a factor of 1.7. Therefore the
calculated value agrees with the experimental value (see
Table 1).

The absence of secondary steric effects in nucleophilic
substitutions in thiophene compounds (LIl and IV), in
contrast to what is found in similar benzene compounds (1
and II), agrees with the observation that in steric inter-
actions, small changes in “compression” (11) can determine
strong kinetic effeets.  This is because the behavior of
repulsive interactions between two groups is not linearly
correlated with the distance between them (12).

The differences in rates and in thermodynamic para-
meters in the various solvents are similar to that already
observed by us (13, 11) in the piperidine debromination of
other 5-membered heteroaromatic compounds having a
nitro group ortho Lo the reactive center.

EXPERIMENTAL

Preparation and Purification of Compounds.

2-Bromo-3,5-dinitrothiophene (15) and 2-N-piperidyl-3,5-dinitro-
thiophene (16) were prepared as previously described. Piperidine
and the solvents were purified as previously reported (13).

2-Bromo-3,5-dinitro-4-methylthiophene.

3-Methyl-2,4-dinitrothiophene (17) (1.88 g.) in a solution of
mercuric acetate in acetic acid (4.3 g. of mercuric oxide in 25 ml.
of acetic acid) was refluxed for two hours. After being kept at
room temperature overnight the product of mercuration was
filtered off and washed with water, ethanol and ether. The
filtrate on dilution with water gave more of the product. A mixture
of this product of mercuration (3 g.) in water (20 ml.) was treated
with bromine (0.6 ml.) dissolved in a solution of potassium
bromide (4 g. in 20 ml. of water) and warmed on a steam bath for
three hours. After being cooled the reaction mixture was extracted
with ether. The ethereal extracts were washed with an aqueous
solution of sodium sulfite, dried with sodium sulfate, and the ether
distilled off. The colourless residue was recrystallized from light
petroleum to give III, m.p. 89°, which gave a depression in melting
point to 65-75° when admixed with an authentic sample of
3-methyl-2,4-dinitrothiophene.

Anal. Caled. for Cs H3 BtN; 04S: Br, 29.96; N, 10.49; S, 11.98.
Found: Br, 30.28; N, 10.51; S, 11.60.

2-N-Piperidyl-3,5-dinitro-4-methylthiophene.

A solution of IIT (0.54 g., 2 x 10”3 mole) in ethanol was
treated with piperidine (0.36 g., 4.2 x 10”2 mole). After being
kept at room temperature overnight the solvent was removed in
The residue was crystallized from ethanol to give 2-N-
piperidyl-3,5-dinitro-4-methylthiophene, yellow-orange plates,
melting at 143°. The structure of this compound was confirmed
by means of its proton resonance spectrum.

Anal. Caled. for CgH13N3048: N, 15.50; S,11.81. Found:
N,15.61; S, 11.76.

Kinetic Measurements.

vacuo.

The reaction kinetics were followed as previously described (18).
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The wavelength and the logarithm of the molar extinction
cocfficients of 2-N-piperidyl-3,5-dinitrothiophene and of 2-N-
piperidyl-3,5-dinitro-4-methylthiophene are reported in Tabie I.

The rate constants are given in Table I. The concentrations
employed were 2 x 107> M for the bromonitrothiophenes and
1 x 10~* M for the piperidine. The reactions in methanol were
carried out in presence of piperidine hydrochloride (1 x 1072 M)
to eliminate any competitive reaction of methoxide ion (19).
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