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Sigeo Mgg;, Masanori Watanabe, Shoji Kajigaeshi, and Shuji Kanemasa*

Department of Industrial Chemistry, Faculty of Engineering,

Yamaguchi University, Tokiwadai, Ube 755

6-Amino-1-azafulvene (1) reacted with the electron-deficient
olefins such as acrylate, vinyl ketone, acrylonitrile and N-aryl-
maleimide affording the regio- and stereospecific [6+2] cyclo-
adducts (4a-4g), some of which were readily deaminated to give the
corresponding 3H-pyrrolizines (5a-5¢). On the other hand, 1 gave
the 1:2 cycloadduct with acetylenedicarboxylate.

d2’3 that 6-amino-1-azafulvene generated by de-

We have previously reporte
protonation from the iminium perchlorate or by pyrolysis of the dimer of 6-
amino-T-azafulvene reacted as a 6m-addend in the [6+2] cycloaddition reaction
with isocyanate and isothiocyanate or in the [6+6] cyclodimerization reaction.

- In this paper we would 1ike to describe the cycloaddition reactions of 6-(N-
pyrrolidinyi)-1-azafulvene (1}, regenerated by pyrolysis from the corresponding
dimer (2), either to such electron-deficient olefins as acrylic acid esters,
methyl vinyl ketone, acrylonitrile and N-(p-substituted phenyl)maleimides or to
diester of acetylenedicarboxylic acid.

Heating 2, the dimer of 1, in excess of ethyl acrylate ({3a) under reflux gave
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an oily product in quantitative yield. This product 4a was found to be a 1:1

adduct (M+; m/e 248) of 1 and 3a, which was characterized as #rans-2,3-dihydro-2-
ethoxycarbonyl-1-(N-pyrrolidinyl)-1H-pyrrolizine on the basis of the spectral
data. The most definitive evidence for the structure of 4a was afforded by its
nmr spectrum in deuteriochloroform {CDC15), which showed the pyrrole ring protons
at T 3.52, 3.85 and 4.14, the methine proton at 1-position (1-H} as a doublet

(d
{J

4.0 Hz) at 5.78, the methine proton at pasition 2 (2-H) as a double triplet

1

4.0 and 6.5) at 6.42 and two methylene protons as. a doublet (J = 6.5) at
5.83, besides ethyl and pyrrolidiny! protons. The coupling constant of 4.0 Hz
between two methine protons (1-H and 2-H) indicates these two protons are located
in trans posiitons to each other. The ir spectrum revealed the stretching vibra-

tion band of carbonyl bond at 1730 cm™! (Table 1).
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Table 1. 2,3-Dihydro-1-(N-pyrrolidinyl}-2-substituted-1H-pyrrolizines (4a-4d}.

Nmr at 100 MHz in CDC1,
Ir (cm'1) Chemical Shift ; © Coupling Constant ; Hz
1-H 2-H B PN 3, by dy s g
42 1730(c=0) | 5.78% 6.42%t 5.83¢ 4.0 6.5 -
ab  1730(c=0) | 5.55¢ 6.20% 5.78 4.0 7.0 -
ac  1700(c=0) | 5.78% 6.75999 6.42% 5.99%| 4.0 8.0 40 1.0
ad  2z40(caN) | 5.53% 6.36%99 5.50% 5889 48 9.0 6.0 10.5

a) ; The nmr spectrum was determined in hexadeuteriobenzene (Cg4Dg).

— 958 —



HETEROCYCLES, Vol. 4, No. 5, 1976

Attempts to purify the product 4a by vaccum disti]lation4 or column chromato-
graphy over alumina were unsuccessful and thus 4a was brought about its conver-
sion into the deaminated product, 2-ethoxycarbonyl-3H-pyrrolizine (5a), as a
viscous 0il. The easy deamination would be based on the Tocation of two adjacent
eliminating groups in efs positions and alsc on being activated of the hydrogen
atom by the ester group on the same carbon atom. The above result and the nmr
spectrum of 5a, in which an olefinic proton newly formed appeared as a singlet
at T 2.51, seem to substantiate the assignment of stereochemistry of the original
cycloadduct 4a.

The reaction of 1 with methy] acrylate (3b) gave quantitatively the [6+2)
cycioadduct {4b) which was also an oily substance and underwent a deamination
reaction on heating or by its treatment with methanolic solution of sodium hydrox-

ide to afford the yellow needles {5b), mp 84-86°C.

W Il
N .1"N:] N i s_a‘ M X = COOC2H5
X - HNG X 5b ; X = COOQCH,

o ]

fa-4d 5¢ 3 X = COCH,

Table 2. 2-Substituted-3H-pyrrolizines (5a-5c).

Mmr at 100 MHz in COCl3 5 7

Ir (cm'1) —Cﬂfcx—a) N-Cﬂ;—cx=a) pyrrole ring protonsb) other protons
51 1690(C=0) | 2.51° 5.56° 3.48, 3.71 and 3.80  5.76%(-CHaCH3)
8.68%(-CHoCHs)
sb 1690(C=0) | 2.48° 5.52° 3.42, 3.67 and 3,80  6.19°(CHs)
5c  1640(C=0) 2.56° 5.55° 3.49, 3.73 and 3,80  7.65°(COCH;)

a) 3 These protons appeared as broad singlets by a mutual Jong-vrange coupling.

b) ; A1l protons on pyrrole ring formed each multiplets.
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Similarly, methyl vinyl ketone (3c) added easily to 1 in the manner of the

regioselective and stereospecific [6+2] cycloaddition reaction. Tracing this
reaction by taking nmr spectra showed that the rate of the formation of the 1:1
cycloadduct {4¢) in benzene was approximately equal to that in chIo}oform, and
that the deamination reaction progressed appreciably faster in chloroform than
in benzene, Similar independence of the reaction rate upon the polarity of
solvents was observed in the reactions of 1 with 3a and 3b. The 1:1 cycloadduct
4c (viscous o0il) and its deaminated product 5c (yellow prisms, mp 67°C) were
assigned to be ¢rans-2,3-dihydro-2-acetyl-1-(N-pyrrolidinyl}-1H-pyrrolizine and
2-acetyl-3H-pyrrolizine by their spectral data, respectively. However the sus-
ceptibility of 4¢ to its pyrolytic deamination into Bc made itself impossible to
be isolated as a pure form.

Acrylonitrite (3d) also reacted with 1 to yield the corresponding [6+2] cyclo-
adduct {4d}, mp 58-61°C as yellow prisms, which was found to be considerably
stable against a deamination reaction. The structural assignment for the product
4d was given from the nnr spectral data as frans-2,3-dihydro-2-cyano-1-(N-
pyrrolidinyl)-TH-pyrrolizine.

Moreover, the reactions of 1 with N-phenyl- (3e), N-(p-methylphenyl)- (3f) and
N-(p-nitrophenyl)maleimide (3g) gave the corresponding [6+2] cycloadducts (4e-
4g} in quantitative yields. The spectral data of 4e-4g are summarized in Table
3. Although the products 4e (mp 94-96°C (decomp} as colorless grains) and 4f (mp
139-142°C (decomp) as colorless needles) were obtained as pure forms by recrystal-
lization from petroleum benzine after being chromatographed over alumine, 4g
could not be purified in the similar way. In the nmr spectrum of pure 4f shown
in Fig. 1, the coupling constant between two methine protons at 3a- and 8a-
position is 7.8 Hz and one between 8a- and 8-H is 1.6 Hz. This spectrum is
compatible with the structure having two hydrogen atoms at 8- and 8a-positioh

in trans positions to each other.
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Table 3. 1,2,3,3a,8,8a-Hexahydro-8-(N-pyrrolidinyl)-2-arylpyrroio[3,4-b}-
pyrrotizine-1,3-dionas (4e-4g).

Nmr at 100 MHz in €DCY»
Ir Mass Chemical Shift ; T Coupling Constant
(cm_1) M+{m/e) pyrrole ring protons §-H 8a~H 3a-H

Jg-ga U3a-ga\H2)

4e 1710(c=0)| 321 | 3.13, 3.68 and 3.96 5.40% 5.98% 4.879] 16 8.
d

4f 1710(c=0)| 335 | 3.18, 3.75 and 4.02 5.45¢ 5.98% 4.889| 1.6 7.8
4g 1710(€=0)f - 5.43, 3.96 and 4.22 5.57¢ 6.03%¢ a.08d| 20 7.0
3a 8 8a
7.8 8.4
z Kz

=

8-H 8a-H

[ W

X N
T 3 4 5 6

Fig. 1. MNmr spectra of pure &f (bottom) and crude 4f (top) at 100 MHz in CDCY,.

On the other hand, crude 4f showed three additional signals for methine protons

whose coupling constants are 8.4 Hz (J8-8a) and 7.8 (J3a-8a)' This seems to
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indicate that the reaction of 1 with 3f (similarly 3e) gave not only #rans cyclo-

adduct 4f as a main product but a small amount of efs cycloadduct which could not

be isolated as a pure form.

1 + YCH=CH -~—>[ .
“COR Y~ ~CHCOR
3

3 A AR

COR
Frans-4 Cis-4

COR

From these results, the reactions of ] with the electron-deficient olefins 3
might proceed via dipolar intermediates A by the stepwise [6+2] cyc1oaddition55.
In the intermediates A, the cyclization would occur generally in the less steri-
cally hindered direction to yield the #rans cycloadducts 4, but occasionally ih
the opposite direction to give the eis cycloadducts. This mechanism convinced us
that the reaction of 1 with dimethyl acetylenedicarboxylate (6} afforded the 1:2
cycloadduct. This product (7)., mp 172.5-174°C (decomp) as yellow prisms, was
deduced to be 5H-pyrrolof1,2-alazepine derivative on the basis of its spectral

data. The similar reaction has been reported by Sonnets.

1 + CH,000-C=C-COQCHy —>
6

CH3;00C COOCH,
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