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The reactivity of 2-nitrothiophene (1) and of 3-nitrothiophene (11) with some nucleophiles

has been studied.  According to calculated electronic densities [ can receive nucleophilic

altack at C3 and Cg depending on the nucleophile used, but Il only at C,. With N-lithium

piperidine both | and 11 also give coupling products (V1L and XI respectively) of the bithienyl

lype.

Study of the reactivity of nitrothiophenes towards
alkoxides and other nucleophiles is a problem which has
received little attention, whereas benzene analogues have
been cxtensively investigated (1), Steinkopf (2) reported
that 2-nitrothiophene (1) and 3-nitrothiophene (lI) react
with alkoxides giving coloured reaction products for
which he proposed structures of alkyl ethers of the
acinitro form (e.g., sce 1H).
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In view of recent papers on the behaviour of some
methoxynitrothiophenes (3a,b) and of 2.4-dinitrothio-
phene (3¢) with alkoxides (formation of Meisenheimer-
type adducts) the previously reported structures scem
incorrect.  To elarify this point and also in connection
with other studies (3a, 4) on direct nucleophilic substitu-
tion in nitrothiophenes, we report a chemical and nmr
study of the behaviour of I and 1l toward sodium
methoxide, N-lithium piperidine, N-lithium and N- sodium
diphenylamine.

Nmr Data.

Nmr spectra of 1 and 1l in cyclohexane and in
deuteriochloroform have been reported by Hoffmann and
Gronowitz (5), Bulman (6) and Maag and Manukian (7).
F'or our purposes spectra in DMSO were necessary 1o
make a comparison with the situation in the presence of
sodium methoxide in the same solvent.

At room temperature the nmr spectrum of | presents
two systems of signals [ratio of arcas 1(¢)/2(in) | which
have been analyzed as ABX system (see Table). The

spectrum is simplified by addition of one equivalent of
sodium methoxide. The signals present, because of their
chemical shifts and coupling constants (see Table) com-
pared to those of the parent compound (1), allow assign-
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ment (3a,c, 8) of a Meisenheimer-type adduct at Cs (V).
This behaviour, i.e. atlack at Cs (o-position with respect
to sulphur heteroatom that can help to accommodate
negative charge), recalls that one of 2-nitro-3-methoxy-
thiophene (3a) which furnishes a  Meisenheimer-type
adduct at Cs with sodium methoxide. This can be related
to the late position of the transition state, then largely
affected by the possibility of charge dispersion on the
sulphur atom.

Similar results have heen obtained for 11, which has a
spectrum with two systems of signals [ratio of arcas
1(q)/2(m) |, analyzed as an ABX system (see Table). The
spectrum observed after addition of one equivalent of
sodium methoxide also indicates the formation of a
Meisenheimer-type adduct at C5 (V).
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It must be pointed out that nitrothiophenes 1 and 11
represent the first examples of mononitro compounds
with no other activating group (clectron-aceepting and/or
withdrawing groups. nitrogen in the heterocycle of
pyridine type, ete.) which gave Meisenheimer-type adducts

(sce 3a).
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Table (a)

Chemical Shifts (7, ppm) Coupling Constants (cps)

(Iompound (:2-” C3»H C4-” Cs-H C-()C“3 J2,5 _]3’4 J3’5 or .,274 J4’5
| 1.92 (b) 282 (1H, q) 1.99 (b) 4.0 1.5 5.7
IV () 333(1H,d)  4.56 (1H, @) 394 (1H,d) 685 (31, s) (d) 5.9 :
1l 124 (11, q) 2.35 () 2.26 (e) 3.4 1.2 5.3
\ 3.88 (1H, d) 418 (1H, q) 3.70 (IH, d)  6.90 (3H, ) () <05 6.1

(a) Jeol C-60 instrument. Solutions of the nitrothiophenes (about 1.5 M) in DMSOQ:; complex formation has been achieved by the
addition of one equivalent of sodium methoxide solution in methanol (about 5 M). On standing solutions of complexes undergo
exchange and/or rearrangement reactions andfor decomposition. The number in parentheses represent relative intensities of the
respective lines and their multiplicity. (b) AB part of ABX system, C3-H + Cs-H: 2H, m. (c) Assignment of structure has been
made preparing also Meisenheimer-type adduct from 2-nitrothiophene-5-D and sodium methoxide in DMSO/deuteriomethanol.
(d) C5-OCH3. (e) AB part of ABX system, C4-H + Cs-H: 2H, m. (f) C,-OCH;.
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Chemical Data.

We have studied the behaviour of | and 1l with various
nucleophiles in different solvents (N-lithium piperidine
and N-lithium diphenylamine in ethyl ether or toluene,
N-sodium diphenylamine in ethyl ether or in liquid
ammonia). The products obtained and the relative yields
are summarized in Schemes 1 and 2. In every case low
yields have been obtained but by operating at low tem-
peratures large amounts of reagents have been recovered
unchanged (about 80-90% of [ and 70% of t): therefore
laking account of the low conversion the actual yield
seems acceptable and comparable to those obtained in
the case of the corresponding reactions in the benzene
series (9).

Discussion of Results.

The results observed can be rationalized considering
the structures of the nitrothiophenes used, the nature of
the nucleophiles with regards to the cations present and
the nature of the solvents.

Calculated (10) electronic densities in 1 and in [l
indicate that | can receive nucleophilic attack at Cj and/or
Cs, whereas 1l has a large preference for attack at C,.
Therefore in the first case (1) the nature of reagents and
of solvents can affeet the nature of the reaction products.

In a highly polar solvent (DMSO/methanol) which
favours charge-dispersion, 1 undergoes unique attack
at Cs with sodium methoxide giving a Meisenheimer-ty pe
adduct (1V).

solvents) the most powerful nucleophile (N-lithium piperi-

In ethyl ether or toluene (poor solvating

dine) only attacks at C5 (11) with low vield (VI, substitu-
tion product, and VIl coupling product), whereas the
diphenylamine derivatives (lithium and sodium) give the
two possible substitution products at Cz and Cg (VIII
and 1X) with different yields and ratios as a function of

(8.7 g)
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no reaction

cation (12), lithium favouring attack at C; more than
sodium. In a more polar solvent (ammonia, able to solvate
ionic species) N-sodium diphenylamine gives predomi-
nantly an attack at Cs, probably the less hindered
position.

Because of the foreseen minor sensitivity of Il to
variation in the experimental conditions we have studied
the reactions of 1l with sodium methoxide and with
amines and for amines we chose only the experimental
conditions which gave striking differences of reactivity
with [;  ie. reactions with N-lithium piperidine and
diphenylamine in ethyl ether and with N-sodium diphenyl-
According to calculated (10) elec-
tronic density in 1l we have observed attack at C, with
sodium methoxide (V) in DMSO and with N-lithium
piperidine (X and Xl) and diphenylamine (X11) in ethyl

ether.  On the contrary Il, with the same experimental

amine in ammonia.

conditions used for 1, gives no reaction with N-sodium
diphenylamine in ammonia, perhaps because of the fact
that C; is a position hindered for a highly solvated reagent
by a nitrogroup and annular sulphur, according to the
previous reported interpretation of data related to the
behaviour of 1.

Russell hypothesis (13) can be useful to visualize the
reaction pattern, e.g. with 1. The electron transfer from
an anjon to an aromatic nitro compound can proceed in
two main directions giving a Meisenheimer-type complex
(X1LH) or a radical anion (X1V) (14) together with a free

radical.

B+l > S
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Formation of X1 (pathway «) observed when B =
CH507 can also be responsible for substitution products
(X and X1y whereas X1V (pathway b) seems to be inter-
mediate for the coupling produet (X1).

[t is interesting to remark that this represents the first
case observed of formation of coupling products which
are absent, e.g.. in the corresponding reactions with nitro-
benzene (9¢). The different behaviour secems to us linked
to the nature of the intermediate radical anions more
stable in the case of thiophene.

Formation of coupling products has been observed
with N-lithium piperidine (in ethyl ether and in toluene)
with 1 as well as with [l and has not been observed with
other nucleophiles, indicating that the choice belween
pathway a or b is affected by the ability of the nucleophile
to give an electron, furnishing a radical species, and this
ability is quite different in the cases examined.

The situation in | is similar to that examined with 11,
the only complication arising from the fact that | has
two different sites for reaction (C3 and Cg). The choice
of the position scems affected by the nature of the inter-
actions between nucleophile and solvent used which deter-
mine the true dimensions of the nucleophilic reagent:
experimental results seems to indicate that the more
hindered position is the C3 (and this is also the carborr at
which the attack should be favoured from electronic
viewpoint) adjacent to the carbon carrying the nitrogroup.
In fact small reagents attack at Cjz, by increasing the
nucleophile dimension we have observed attack at C3 and
(s, while with the largest reagent used by us (N-sodium
diphenylamine in ammonia) attack at Cs becomes pre-
dominant.

EXPERIMENTAL

Synthesis and Purification of Compounds.

2.Nitrothiophene (1) (15), 3-nitrothiophene (11) (16), 2-nitro-
3-N-piperidylthiophene (V1) (17), 2.2' dinitro-3,3"-bithienyl (VII)
(18), 2-N-piperidyl-3-nitrothiophene (X) (19), 3.3"dinitro-2,2'-
bithienyl (XI) (20) were prepared according to the methods
reported.  The other model compounds (VI 1X and XII) were
prepared as below.

2.Nitro-3-N-diphenylaminothiophene (VILI).

This compound was prepared from 2-nitro-3-bromothiophene
according to the method used (21) for the synthesis of the
benzene analogue, m.p. 154°, from methanol; pmr (carbon
tetrachloride and deuteriochloroform): coupling constant between
thiophene protons, _l4’5 = 5.8 cps.

Anal. Caled. for G gH ,N205S: €, 64.9; H, 415 N, 950 S,
10.8. Found: €, 65.1; H,4.2; N,9.6; S, 108.

2-N-Diphenylamino-5-nitrothiophene (1X).

This compound was prepared from 2-iodo-5-nitrothiophene as
for the previous compound, m.p. 120°, from methanol: pmr

(deuteriochloroform): coupling constant between thiophene

Vol. 12

protons, J3 4 = 4.5 cps.
Anal. Caled. for CigH1,N20,S: €, 649: H, 4.1; N, 9.5
S, 10.8. Found: C,65.0: H,4.2; N,9.5; §,10.8.

2-N-Diphenylamino-3-nitrothiophene (XII).

This compound was prepared from 2.bromo-3-nitrothiophene
as for the previous compound, m.p. 121°, from methanol.

Anal. Caled. for C gH12N20,8: C, 649, H, 4.1: N, 9.5;
S, 10.8. Found: C, 65.0; H,4.2; N, 9.6 S, 109.

General Prodecure for Reactions between Nitrothiophenes (I or
f1) and Nucleophiles.

The nitrothiophene (0.1 mole) was added to the solution or
suspension of nuecleophile (0.12 or 0.05 mole respectively for
lithium or sodium salts) and maintained at the temperature
indicated in Schemes 1 or 2 for the fixed times.

Generally the reaction mixtures were decomposed with excess
5M hydrochloric acid and extracted with ethyl ether. 'The
ethereal extracts were dried (sodium sulfate), decolourized with
charcoal and the ethyl ether distilled off. The residue was
chromatographed on silica gel using light petroleum and then
benzene as eluant.

In the case of the reaction in liquid ammonia the residue
obtained after evaporation of excess ammonia was treated with
ethanol and water and then the vapor phase distillation removed
large amounts of diphenylamine and nitrothiophene. The residue
of vpd was exiracted with ethyl ether and treated as previously
indicaled.

The products obtained were identified by comparison (mixed

m.p.; uv, ir and nmr spectra; tle) with model compounds.
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