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We wish to report the preparation and characterization of an allenamide (2), i.e., 

1-(1,2-propadienyl)-2-pyrrolidinone (II), and to describe its unusual base catalyzed 

addition-rearrangement with pyrrolidine to form 1-[(2-ethyl-l-pyrrolin-3-yl)carbonyl]- 

pyrrolidine (III). 

Alkylation of 2-pyrrolidinone by propargyl bromide in the presence of base has 

been reported by Cho (3) 

iate in the synthesis of 
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agent oxotremorine (Ia) (3,4). 

NaH I 1 

L-L + BrCH2CaCH -e 

': O 
'gHgCH3 'N'C - 

H AH2czc~ dH2-~~C-d~2 

Ia 

CH=C=CH2 

a ?! 

II 

3035 



3036 

However, other workers (4) have reported difficulty in repeating this synthesis 

following the original p:ocedure, in accord with our own observations. It has now 

No.31 

been shown that the prin:ipal product of this reaction is not the expected l-(2- 

propyngl)-2-pyrrolidinone (I) but is instead 1-(1,2-propadienyl)-2-pyrrolidinone (II). 

Distillation of the crude product obtained using Cho's method gave a pale yellow 

oil, C7H9NO (5), b.p, 74-76' (0.08 mm), ni5 1.5402; kirxanol 231 mp Fl2,789), Ai:lxm 

5.10 u, 5.92 u. The absence of absorption bands near 3.10 (sCH) and 4.75 u (CxC) ex- 

cluded the acetylenic structure I, while the observed bands at 5.10 (C=C=C) and 5.92 )r 

(-N-&O) 8 uggested instead the allenamide II. This structure was confirmed by n.m.r. 

spectroscopy (6). Peaks were centered at 431 cps (triplet, J = 6, a) and 338 cps 

(doublet, J = 6, b), having the chemical shifts and coupling constants characteristic 

of the allene moiety (71, with additional peaks at 212 cps (triplet, J = 6, 2) and 

170-120 cps (multiplet, a), the peak area ratio being 1:2:2:4 respectively, in good 

agreement with the assigned structure II. 

It seems probable that the allenamide II is produced by base catalyzed isomeriz- 

ation of an initially fcrmed acetylenic derivative I, since in the course of this work 

it was shown that authentic 1-(2-propynyl)-2-pyrrolidinone (I) (3) is rapidly con- 

verted to II by sodium hydride in toluene, by sodium methoxide in either toluene. or 

methanol, or by pyrrolicine in dioxane. 

In contrast to the general reactivity of amines towards allenes (8). pyrrolidine 

did not react with II. However, in the presence of sodium q ethoxide, pyrrolidine 

combined exothermically with the allenamide (either preformed or generated in situ) 

to give a 1:l adduct hating neither Y-lactam absorption near 5.92 u nor vinyl hydro- 

gens in the n.m.r. specrum. This material, which clearly was not formed by ad- 

dition of pyrrolidine tc) any of the allenic carbon atoms of II, proved to be an un- 

expected rearranged adduct , l-[(2-ethyl-1-pyrrolin-J-yl)carbonyllpyrrolidine (III). 
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L-k + 
7 O 
CH=C=CH2 

II 

Equimolar amounts of II, pyrrolidine, and sodium q ethoxide in refluxing dioxane 

gave, after chromatography on silica gel, a yellow oil III, C H N 0, b.p. 115' 11 18 2 

(0.05 mm), II;5 1.5120, mol. wt. 198 2 10 (f.p. in dioxane); A2:fne 202mu (F7800), 

232 m), (shldr) (6500); X9::" 6.14 u (broad, :C=N-, -CON=); n.m.r. spectrum: 250- 

190'~~s (broad, overlaping q ultiplets, 5 ) 160-90 cps (broad, , overlaping multiplets, 

1). 67 cps (triplet, J = 7, c), with a peak area of ?:a:3 respectively. 

The structure of the adduct III was determined by it6 spectral and chemical 

CON/ i-l a k 
CH2CH3 

a c 
III 

properties, and by hydrolysis to an amide which has been shown to be 1-C4-(propion- 

amido)butyryllpyrrolidine (IV). 

!z a 1) (CH3CH2C0)20 

III ,H20 
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CH3CH2CONHCH2CH2CH2CCN NH2(CH2)3COOH 

V 
8C -_ ab ac 

IV 

Alkaline hydrolysis of the adduct III gave, in addition to a small amount of 

propionic acid, a solid IV, CllH20N202, m.p. 61-62O; hfilm 3.07, 6.48 u (N-H), 6.11, max 

6.16 u (-CONH-, -CONT); n.m.r. spectrum: 420 cps (broad, ~1, 220-185 cps (overlaping 

multiplets, a), 155-130 cps (overlaping multiplets, 21, 125-100 cps (overlaping multi- 

plets, d), 68 cps (triplet, J = 7, e) with a peak area ratio of 1:6:4:6:3 respectively. 
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The presence of tw> amide carbonyl peaks, 

triplet signal, and the isolation of propionic 

m 

a single NH peak, a single C-methyl 

acid indicated the partial structures 
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CH3Cli2CO-NH- and -CON i-l* Connecting these fragments through the divaleat hydrocarbon 

residue C3Hgrequired by the empirical formula led to the assignment of structure IV 

to the hydrolysis produ:t. 

Th3.s structure wa8 then unequivocally established through acylation of 4-amino- 

butyric acid (V) by means of propionic anhydride, followed by reaction with thionyl 

chloride-pyrrolidine to give authentic 1-[4-(propionamido)butyryllpyrrolidine, iden- 

tical in every respect to the hydrolysis product IV. 

Structure IV having been positively established, the pyrrolidine-allenamide 

adduct III from which it was derived by addition of one equivalent of water could be 

identified as 1-[4-(l-Iyrrolin-3-yl)carbonyllpyrrolidine (III), a structure which 

III 

HOH 

OH- 1 + CH3CH2CONH(CH2)3CON 

3 

-I 
IV 

accommodates the obserl-ed U.V. end-absorption at 202 mu, the broad, intense double 

bond absorption near 6.14 p (%=N-, -CONE), the C-methyl triplet signal (CIi3CH2-), 

the lack of vinyl or NlI protons, and the peak area ratio of 7:8:3. 

The hydrolysis of III is regarded as a process analogous to the well-known base 

catalyzed cleavage of 0-ketoesters and R-ketoacids. 

Although the precise sequence of events in this addition-rearrangement is as 

yet unknown, formation of III may be visualized as an isomeriaation of the allenamide 

II to a reactive N-(l-propynyl)amide V which undergoes ring scission by pyrrolidine. 

Recyclization via amid3 a-carbanion (9) addition to the acetylenic bond (10) - 

followed by proton transfer leads to III as shawn in the Sequence: 
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c-2 N 0 

iH&CH2 
II 

3 CON/ 

= IA”” /-_I - a / 
yJGHCH3 

N CH2CH3 

H 
III 

That III is not isomerized to an a,g-unsaturated amide under these conditions 

reflects the poor conjugative capability of the amide function, and is in accord 

with the observations of Witkop (lla) and others (lib) that there are probably no 

authentic secondary 2-pyrrolidines known. 
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