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Abstract

In this work we describe the synthesis of new compounds of a 3-oxa- or 3-azabicyclo[3.2.0]hept-5-en-2,7-dione (3a—d) and
5,9-dioxa- or 5,9-diazabicyclo[5.3.0]dec-1-en-3-methyliden-6,8-dione (4a—d) type with potential biological activity, obtained from
the reaction of 2-propyn-1-ol or 2-propynylamine derivatives (1a—d) with carbon suboxide (2) in various molar ratios. © 1998

Elsevier Science S.A. All rights reserved.
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1. Introduction

Following our research on the reactivity of carbon
suboxide with different substrates [1,2], starting from
unsaturated compounds, we have recently synthesized a
number of spiroalkandionic derivatives with strong an-
ticoagulant activity [3].

In this work we have extended the study of the
reactivity of carbon suboxide with alkin derivatives
having a terminal nucleophilic site, in order to synthe-
size heterocyclic compounds with potential biological
activity [4,5].

2. Chemistry

The 3-oxo- or 3-azabicyclo[3.2.0]hept-5-en-2,7-dione
derivatives (3a—d), that can be structurally correlated
with analogous antimicrobial agents [6,7] have been
obtained by reacting 0.016 mol of 2-propyn-1-ol or
2-propynylamine derivatives (la—d) with 0.016 mol of
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carbon suboxide (2) in anhydrous chloroform solution.
In this ratio, the reaction is carried out in one step but
with low yields (Scheme 1).

Considering that the yields of 3a—d were modest, we
repeated the reaction after appropriately changing the
molar ratio. By reacting la—d and 2 in a 1:2 molar
ratio, we obtained a gummy product, that was probably
polymeric or macrocyclic in nature, together with small
quantities of 3a—d [8].
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Scheme 3.

On the other hand, by reacting la—d and 2 in a 2:1
molar ratio, we obtained the new 5,9-dioxa- or 5,9-diaza-
bicyclo[5.3.0]dec-1-en-3-methyliden-6,8-dione  derivati-
ves (4a—d) and small quantities of 3a—d. In this ratio
the reaction is carried out in one step, with satisfactory
yields (Scheme 2).

Compounds 4 are probably caused by the rupture of
the ring with the greatest binding tension on 3 and
consequent attack by 1 (Scheme 3).

On the other hand, as observed in previous papers
[9], the structure of 3 is due to the initial attack of 2 to
the nucleophilic site of 1 and is confirmed by the
disappearance of the hydroxyl band and of the triple
bond in the corresponding FT-IR spectra. Moreover,
loss of the [C;HO,]* ion, m/z 69, identified as the
protonated carbon suboxide, was observed for all com-
pounds following a pathway in agreement with the
literature [10]. Consequently, the FT-IR, 'H NMR and
mass spectra were in agreement with the assigned struc-
tures for compounds 3a—d and 4a—d.

3. Experimental

Melting points were determined using a Kofler ap-
paratus and are uncorrected. Boiling points were ob-
tained by distillation at a standard pressure with a
boiling point apparatus. The FT-IR spectra were
recorded on a Perkin Elmer System 2000 spectrophoto-
meter using KBr mulls. '"H NMR spectra were recorded
on a Varian Unit 300 using hexamethyldisiloxane as an
internal standard.

Mass spectra were taken by a QMD 1000 instrument
(Fisons instrument) at 70 eV using a direct inlet system.
The analyses indicated with the symbols of the elements
were within + 0.4% of theoretical values and were
carried out on a Carlo Erba Model 1106 elemental
analyser.

Reagent-grade commercially available reagents and
solvents were used. Carbon suboxide was prepared
from the pyrolysis of di-O-acetyltartaric anhydride [11].
Silica gel 60 (Carlo Erba) was used for column chro-
matography. Starting materials were purchased from
Aldrich Chemical Co. All the compounds and solvents
were rigorously dried before use.

3.1. General procedure for the preparation of
compounds 3a—d

Carbon suboxide (2) (16 mmol) was added over 2 h
at —70°C to a stirred solution of la—d (16 mmol) in
anhydrous chloroform, stabilized with amylenes (300
ml). At completion the mixture was kept at — 5°C for
24 h, then at room temperature for 48 h while stirring
continuously. At the end of the reaction, the solvent
was evaporated under reduced pressure and the crude
residue was flash chromatographed (silica gel, 0.04 mm:
230 mesh, flow 20 ml/min, isopropyl ether:methyl alco-
hol 5:1 as eluents) to provide 3a as first eluate, while
3b—d were isolated by distillation at standard pressure
from the reaction mixture.

3.1.1. 3-Oxabicyclo[3.2.0]hept-5-en-2,7-dione (3a)

26% yield, b.p. 160-162°C; FT-IR (KBr, cm~1'): v
1760 (C=0), 1740 (C=0); '"H NMR (CDCl,, ppm): 3.36
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(s, IH, CO-CH-CO), 4.20 (s, 2H, CH,-), 4.69 (s, 1H,
CH=); MS (m/z) 125 (M +), 100, 96, 69, 56, 55. Anal.
CeH405 (C, H).

3.1.2. 3-Oxabicyclo[3.2.0]hept-5-en-4-dimethyl-2,7-
dione (3b)

29% vyield, b.p. 141-143°C; FT-IR (KBr, cm~!): v
1760 (C=0), 1740 (C=0); 'H NMR (CDCl,, ppm): 1.51
(s, 6H, 2CH,), 3.35 (s, 1H, CO-CH-CO), 445 (s, 1H,
CH=); MS (m/z) 152 (M "), 127, 125, 109, 83, 69. Anal.
C3HO, (C, H).

3.1.3. 3-Azabicyclo[3.2.0]hept-5-en-2,7-dione (3c)

25% yield, m.p. 41°C; FT-IR (KBr, cm~1'): v 3250
(NH), 1730 (C=0), 1650 (C=0); 'H NMR (CDCl,,
ppm): 3.08 (s, IH, CO-CH-CO), 3.28 (s, 1H, CH=),
3.84 (s, 2H, CH,-), 8.47 (s, 1H, NH, D,O exch); MS
(m/z) 123 (M ™), 98, 95, 80, 69, 54. Anal. CqH;NO, (C,
H, N).

3.1.4. 3(N-Methyl)-azabicyclo[3.2.0Jhept-5-en-2,7-dione
(3d)

30% vyield, b.p. 130-132°C; FT-IR (KBr, cm~!): v
1740 (C=0), 1650 (C=0); '"H NMR (CDCl,, ppm): 2.98
(s, 3H, CHs), 3.30 (s, 1H, CO-CH-CO), 3.38 (s, 2H,
CH,-), 3.47 (s, 1H, CH=); MS (m/z) 137 (M ™), 113,
110, 81, 69, 68. Anal. C;H,NO, (C, H, N).

3.2. General procedure for the preparation of
compounds da—d

Carbon suboxide (2) (16 mmol) was added over 2 h
at — 70°C to a stirred solution of 1a—d (32 mmol) in
anhydrous chloroform, stabilized with amylenes (300
ml). At completion the mixture was kept at — 5°C for
24 h, then at room temperature for 72 h while stirring
continuously. At the end of the reaction, the solvent
was evaporated under reduced pressure and the crude
residue was crystallized with isopropyl ether to provide
4a—d.

3.2.1. 5,9-Dioxabicyclo[5.3.0]dec-1-en-3-methyliden-
6,8-dione (4a)

48% yield, m.p. 68—-70°C; FT-IR (KBr, cm~—'): v
1770 (2C=0); 'H NMR (CDCl,, ppm): 3.36 (s, 1H,
CO-CH-CO), 3.37 (s, 1H, CH=), 4.12 (s, 4H, 2CH,-),
4.69 (s, 2H, CH,=); MS (m/z) 180 (M *), 149, 137, 125,
123, 111, 95, 79, 69. Anal. C,H;O, (C, H).

3.2.2. 5,9-Dioxabicyclo[5.3.0]dec-1-en-3-methyliden-
4,10-dimethyl-6,8-dione (4b)

40% yield, m.p. 60-62°C; FT-IR (KBr, cm~!): v
1760 (2C=0); '"H NMR (CDCl,, ppm): 1.45 (s, 12H,
4CH,), 3.30 (s, 1H, CO-CH-CO), 3.35 (s, |H, CH=),
3.37 (s, 2H, CH,=); MS (m/z) 236 (M ™*), 205, 196, 149,
125, 105, 83, 69. Anal. C;H,,0, (C, H).

3.2.3. 5,9-Diazabicyclo[5.3.0]dec-1-en-3-methyliden-
6,8-dione (4c)

60% yield, m.p. 133—-135°C; FT-IR (KBr, cm—!): v
3240 (2NH), 1655 (C=0), 1640 (C=0); 'H NMR
(CDCl;, ppm): 3.05 (s, 1H, CO-CH-CO), 3.27 (s, 1H,
CH=), 3.80 (s, 2H, CH,=), 4.10 (s, 4H, 2CH,-), 8.36 (s,
2H, 2NH, D,O exch); MS (m/z) 178 (M ™), 151, 123,
95, 82, 69. Anal. C4H,(N,O, (C, H, N).

3.2.4. 5,9(N,N'-Methyl)-diazabicyclo[5.3.0]dec-1-en-
3-methyliden-6,8-dione (4d)

58% vyield, m.p. 85-87°C; FT-IR (KBr, cm~!): v
1690 (C=0), 1680 (C=0); '"H NMR (CDCl,, ppm): 3.01
(s, 3H, CH;), 3.13 (s, 3H, CH,), 3.45 (s, 1H, CO-CH-
CO0), 3.59 (s, IH, CH=), 4.15 (s, 2H, CH,=), 4.20 (s, 4H,
2CH,-); MS (m/z) 206 (M *), 163, 149, 135, 120, 110,
96, 80, 69. Anal. C,;H,,N,O, (C, H, N).
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