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INTERACTION BETWEEN DINITROPYRROLES AND METHOXIDE ION: AN NMR STUDY
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The formation of Meisenheimer—type adducts from thiophene (1,2,3), selenophene (2), and furan
(4) derivatives containing electron-attracting substituents has been reported, Owing to the higher
7 —electron density of the pyrrole ring, it seemed worthwhile studying also, in view of the lack
of data on the reactivity of pyrrolic substrates toward nucleophilic reagents, the reaction of
nitro-substituted pyrroles with methoxide ion, Since this ion would convert 2,4-dinitropyrrole
into the conjugate base, we have considered the behaviour of two l-substituted derivatives, 2,4-
—dinitro-1-(p~nitrophenyl)-pyrrole (I) and 2,4-dinitro-l-methylpyrrole (II),

The nmr study of the interaction of I and II with methoxide ion reveals significant differ-
ences in the behaviour of the two substrates and, more specifically, indicates the first
Meisenheimer~type adduct ever reported so far in the pyrrole series,

The nmr spectrum of I in DMSO-d, shows the expected doublets for the pyrrole-ring protons

(J =2 Hz) at 7 134 (Hy) and 1.92 (Hﬂ)’ and two doublets for the phenyl-ring protons

(J =9 Hz) at T 1,58 and 2.07. Addition of the equivalent amount of 4.5 M methanolic sodium
methoxide to the 0,5 M solution of I in D}'So-d6 produces several changes in the nmr spectrum,
Two singlets of the same intensity appear at 1t 2,27 and 4,05, while the intensity of the pyrrole-
ring signals of I decreasecs, At the same time the pair of phenyl doublets is displaced upfield,
to 7 1,87 and 3,13, and retains the initial coupling. The appearance of the signal at v 4,05
and the reduced coupling between the pyrrole-ring protons indicate a change of hybridization
from sp2 to sp3 for the carbon atom bonded to the high-field proton, These changes can be well
understood in terms of formation of a Meisenheimer-type adduct, Structure III for the adduct,
as alternative to a structure where the methoxide ion attacks position 8 , seems more likely
by analogy with the adducts formed from 2,4-dinitrothiophene
(1,2) and 2,4-dinitroselenophene (2), Mnr data suggest struc

ture III; however, the complete elucidation of the structure

N
H,CO | needs the examination of deutero—derivatives, which we are
now carrying out, The signals of the adduct reach the highest

m intensity within few minutes, and thereafter decrease with
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the appearance of broad, unresolved signals between 7 1,5 and 3, Owing to the low solubility of
I in methanol, no attempt was made to study by nmr the reaction of I with methoxide ion in this
solvent,

The behaviour of I toward methoxide ion is contrasted by that of II, which, in DMSO, undergoes
an irreversible reaction leading to the complete disappearance of nmr signals in the aromatic
region, This result cannot be immediately understood on the basis of nmr evidence only, but can
be probably related to a decomposition, In much milder conditions, namely in methanol, II under-
goes a base-catalyzed hydrogen exchange at @ o The nmr spectrum of II in methanol is not modi-

fied by the presence of methoxide, However, when the reaction occurs in CD,0D, the doublet of

II at T 1486 (Hy, J = 25 Hz) immediately disappears and the doublet at 1:3 2423 (HB) collapses
into a singlet, The N—CH3 signal at v 5,87 is not modified, The easy formation of 2,4~dinitro—
1-methyl-5-deuteropyrrole, as inferred from the nmr spectrum, probably requires the formation of
an intermediate carbanion (5), Owing to the low concentration of the carbanion, the nmr spectrum
of IT in CHSOH, in the presence of the base, does not differ appreciably from that of II alones
Base-induced hydrogen exchange reactions on umactivated five-membered heteroaromatic substrates
do not occur easily; thus, the rate constant (6) for thé selective exchange at position a in
1l-methylpyrrole, in CZHSOD’ at 1400, in the presence of 04,57 M CZHSO-’ is as low as 1.2x10_65-1.
In the presence of electron-attracting groups, the exchange rate is increased, but the reaction
can be obscured by the formation of Meisenhehner—typg adducts (4,7,8)e Therefore, the reaction
of IT is an unusual example of fast, clear-cut exchange reaction on a polynitro heteroaromatic
compounde

The different behaviour of I and IT toward methoxide ion is related to the electronic ef-
fect of different l-substituents, It has been indicated (9) that l-substituents of different
electronegativity can affect the m~electron density and, consequently, the reactivity of
the pyrrole-ring, Thus, the p-nitrophenyl group may have a significant role, together with that
of nitro groups on the pyrrole-ring, in lowering the high m~electron density of the ring and

in favouring the attack of the nucleophilic reagent,
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