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Besides the typical reactions of heteroaromatic electrophilic subetitution, 

some pyrrole derivatives are known to undergo also L;i + g and & + &,7 cyclo- 

addition reactions (l), which allowed to focus the diene character of pyrrole 

with respect to dienophiles (2) and to carbenes or carbenoids (3). 

Within the inveatigations on addition reactiona in the heterocyclic eerie8 

(4), we now report the first example of cycloaddition between a compound with 

1,3-dipolar char&tar and a pyrrole derivative. 

N-methylpyrrole I, when treated with N-phenylpyruvonitrileimide prepared 

in eitu (5), yields a complex reaction mixture from which double addition 

products III and IV, with a 3:1 ratio, have been isolated. 

Structurea III and IV have been attributed on the basis of the following 

spectroscopic and chemical evidences. Compound III, m.p. 204'C; UV A_ 238, 

288, 297, 352 nm (log E 4.40, 3.91, 3.94, 4.51, reepectively); IR 1650 cm" 

(0); NMR 6 2.41 (8, 3H, N-M:,), 2.51 (a, 6H, 2 x COCHe), 4.53 (6, J = 6.8 Rz, 

2H, 3a-H and 3b-H), 5.50 (a, J = 6.8 Hz, 2H, 6a-H and 7a-H), 6.8-7.45 (m, lOH, 

Ar-H). Compound IV: m.p. 187'C; UV A_ 237, 289(s), 299(s), 352 nut (lo&! E 4.38, 

3.85, 3.88, 4.53, respectively); IR 1650-1655 cm-' (C-O); NER 6 2.52 and 2.58 

(2 s, 6H, 3H, 2 x COCHe, N-CR;), 4.32 (a, J - 7.5 Ez, lE, 3a-H), 4.65 (a, 

J = 8.2 HZ, lH, 6a-H), 5.28 (a, J = 8.2 HZ, lH, 3b-H), 5.55 (a, J - 7.5 Hz, l.E, 

7a-H), 6.9-8.05 (m, lOH, Ar-H). 

a) The UV spectra of III and IV are very alike, thus indicating that the 

same chromophores are present in both molecules; moreover, they are conaiatent 

with condensed N-phenyl substituted Ae-pyrazolinea. 
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b) The IR spectra of III and IV do not show any signal in the range 

3500-3300 CnP. 

c) The low 6 value of N-C& protons (2.41 and 2.52 or 2.58 for III and IV, 

respectively), compared with that of the same protons of N-methyl-pyrrole 

(3.50 6 ) (7), indicates absence of ring current, both in III and IV. 

d) The protons at the rings junction of III are equivalent in pairs, whereas 

those of IV show no equivalence. 

e) III (1 g) dissolved by heating in ethanol (100 ml) and treated with cont. 

HCl (1 equivalent) yields methylamine and 4,4*-dipyrazole V. Quantitative yield: 

m.p. 208'C; W h,, 249, 276(s) nm (log E 4.59, 4.37, respectively); IR 1686 

cm-l (Cd)); IVMR 6 2.73 (8, 6H, 2 x COCHs), 7.15-8.0 (m, lOH, Ar-H), 8.70 (s, 

2H, 5,5@-Heter-H). V, by oxidation with Brx and NaOH in water-dioxane mixture, 

yields acid VI. Yield 80s; m.p. 270°C dec.; WV A,,, 245(s), 270 nm (log E 4.38, 

4.46, respectively); IR 2400-3200 cm" (OH), 1678 cm-' (Cdl); NMR (lXSO)6 7.2- 

-8.15 (m, lOH, Ar-H), 8.74 (a, 2H, 5,5'-Heter-H). Compound VI, after heating 

above its melting point (5 minutes), decarboxylates to give VII. Yield 85%; 

m.p. 212OC; W Amax 280 nm (log E 4.44); m 6 7.0-7.8 (m, lOH, Ar-H), 7.80 

(a, J -Z 1, 2H, 3,3*-Heter-H), 7.98 (a, J e 1, 2H, 5,5'-Heter-H). Compound VII 

has been identified by comparing its properties (m.p., W, and NMR spectra) 

with those of an authentic specimen (8). On the contrary, compound IV yields 

VIII only when boiled for a long time in cont. HCl (8 hrs.). Quantitative yield: 

m.p. 169-17O'C; W A_ 242, 267(s) nm (log E 4.55, 4.47); IR 1675 cm" (C=O); 

NMR 6 2.46 (8, 3H, COCHS), 2.71.(a, 3H, COCHS), 7.13 (a, lH, Heter-4-H), 7.25- 

-8.0 (m, lOH, Ar-H), 8.03 (8, 3-H, l Heter-5*-H). 
The above results prove that in the initial fi+J cycloaddition the electro- 

philic centre of dipole II attacks both a- and P -positions of N-methyl-pyrrole 

I. The resulting cyclic monoadducts (which cannot be isolated) control electron- 

ically and sterically the dipole II orientation in the subsequent fi+g cycliza- 

tion because of their particular structure. Therefore, when assuming a cis- 

-junction, configurations III and IV (and their enantiomers) seem to be the 

correct ones and in good agreement with NMR data (IV, in particular). 

The reaction here investigated (9), which seems to be without precedent in 

the pyrrole series, is also interesting with regard to synthesis. In fact, for 

the first time it allowed the synthesis of the polycondensed heterocycles 
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383b6878-tetr8I@ropyrrole[2,~c:4,5&ip~8zOle 8nd 383b6a78-tetr8hydro- 

p3rrrOle~,3c:5,4~-dipyr8sOle. These compounda (which alone may have 8 ph8r- 

maceutica interest) are good substrstes to obtain 4+4'-dippzOleI3 

dipyrazolee, the few known kamples of which have been prepked by 

complicated methods (10). 
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