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Abstract: N'-selenoacylamidines were isolated by condensation of selenobenzamide with orthoamides. [4+2]
cycloadditions with electrophilic dienophiles were performed leading to 1,3-selenazine derivatives.
Selencamide vinylogs obtained by thermolysis of 4H-1,3-selenazines, were the precursors of functionalised
selenopyrans or selenophenes.

The use of hetero Diels-Alder reactions in heterochemistry has been widely demonstrated.! In
recent years, the synthesis of selenium heterocycles has been actively studied using carbon-selenium double
bond as 2rt dienophile intermediates for [442] cycloadditions.? Only few cycloadditions with selenodienic
systems have been reported.3 In this preliminary study we present an efficient route towards selenazine and
selenopyran derivatives by [4+2] cycloadditions from N'-selenoacylamidines and selenoamide vinylogs
respectively.

We prepared the selenobenzamide 1 by a modified Takikawa procedure.2 Bis-trimethylsilyl
selenide?b reacted with benzonitrile in absence of solvent at 80°C in sealed tube affording 1 in 80% yield.
Easier access to 1, produced in 90% yield from benzonitrile, was also performed using sodium hydrogen
selenide as proposed by Reid3 (PhCN, NaSeH 4 eq., Py., 80°C, 1 hr.).
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Following the experimental conditions previously described for the synthesis of N'-thioacylamidine
3 from thiobenzamide®, condensation of selenobenzamide 1 with N,N’-dimethylformamide dimethy] acetal
and with N,N'-dimethylacetamide dimethyl acetal, led to the corresponding N'-selenoacylamidines 2a and 2b
in 30% and 90% yield respectively? (1H NMR of the crude product of the reaction with 2a, before the
purification on silica gel, shown its presence in 80% yield in the mixture). Furthermore 3 can be considered
as a potential precursor of 2b via a 3-methylthio-2-aza-propeniminium salt 4 obtained quantitatively from 3
by addition of methyl iodide. Reaction of 4 with sodium hydrogen selenide afforded 2b in 50% yield.?
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i) for 2a: (MeO)2C(H)NMe 2 (1.3eq.), CHaClp, O°C, 1.5 hrs; for 2b: (MeO)2C(Me)NMe (1.5eq.), CHoClp, r.t.,1.5 hrs.;
if) Mel (10eq.); iii) Py., NaSeH, EtOH reflux, 0.5 hr.

These results prompted us to investigate the reactivity of 2a and 2b in [4+2] cycloadditions with
electrophilic dienophiles. Addition of 2a with an excess of methyl acrylate (MA) at room temperature,
afforded 5,6-dihydro-4H-1,3-selenazine 5 in 40% yield based on 1. The cycloaddition of 2b in methyl
acrylate at 80°C, was followed by the elimination of dimethylamino group, giving the 6 H-1,3-selenazine 6 in
50% overall yield. Cycloaddition-elimination has also been observed with methyl vinyl ketone (MVK) as
dienophile and 2a or 2b, affording 6H-1,3-selenazines 7a and 7b in 65% yield respectively.?
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i} 2a, MA (10eq.), CHoCly, r.t,, 5 hrs; ii ) for 6: 2b, MA (10eq.) reflux, 20 hrs.; for 7a: 2a, MVK (10eq.), THF, r.t., 4 hrs;
for 7b: 2b, MVK (10eq.), THF refiux, 8 hrs.; iii ) MVK (20eq.), CHCly reflux, 20 hrs ; iv ) for 8a: DMAD (10eq.), CHzClp, 0°C,
20hrs., for 8b: idem at 40°C.

Access to 7a can also be performed from dihydro-4 H-1,3-selenazine 5, via 2a, in 70% yield by a
retro-Diels-Alder and [4 + 2] cycloaddition sequence in presence of an excess of methyl vinyl ketone.

The reaction of N'-selenoacylamidines with dimethyl acetylenedicarboxylate (DMAD) was then
studied. Addition of dimethyl acetylenedicarboxylate to 2a and 2b afforded 4H-selenopyrans 8a and 8b
isolated in 45% and 60% overall yield respectively.!0 The obtention of 4H-selenopyrans 8 from 2 by a
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cycloaddition-cycloreversion-cycloaddition process was confirmed by the analysis of the intermediates
isolated in the synthesis of 8b. [4 + 2] cycloaddition of 2b with dimethyl acetylenedicarboxylate at 0°C gave
the 4H-1,3-selenazine 9 in 58% yield. Thermolysis of 9 at 40°C led to the functionalised selenoamide
vinylog 10 in 90% yield. Access to 4H-selenopyran 8b was achieved from 10 in 55% yield by [4+2]
cycloaddition with an excess of dimethyl acetylenedicarboxylate. Moreover in ethanol, the selenoamide
vinylogs 10 can also be converted, to the selenophene 11 in 75% yield. Similar results were obtained with
4,4-diethoxy-2-butyn-1-al (DEBA) as dienophile. The selenophene 14 was synthetised from 2b via the
4H-13-selenazine 12 (88% yield) and the selenoamide vinylog 13 (64% yield). 1H and 13C NMR data of
compounds 9 to 14 are in accord with the proposed structures.!!
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i} tfor 9: DMAD (1.5eq.), THF, 0°C, 1.5 hrs.; for 12: DEBA (2eq.), CH2Clp, 0°C, 1 hr.; ii ) CHaClo reflux, 15 hrs.;
i ) DMAD (1.5eq.), CH2Clp, 5°C, 0.5 hr.; iv ) EtOH refiux, 12hrs.

In order to evaluate the influence of selenium atom in [4 + 2] cycloaddition, the reactivity of
N'-selenoacylamidine 2b was compared to its analog N'-thioacylamidine 3 which showed a similar
configuration and conformation in the solid state. 12 A mixture containing 2b (1 mmol) and 3 (1 mmol), was
stirred at 20°C in THF for 1.5 hours in the presence of dimethyl acetylenedicarboxylate (1 mmol). The
resulting cycloadduct, isolated in 80% yield, was identified as the 4H-1,3-selenazine 9. Unreacted 3 was
recovered after purification by flash chromatography. The higher reactivity of the N'-selenoacylamidine
could be analysed on the basis of a predominant HOMO diene / LUMO dienophile interaction determinated
by semi empirical calculations using PM3 method.!3 Therefore thermolysis of 4H-1,3-selenazine 9 was
easier than with the corresponding 4H-1,3-thiazine analog. 14

In summary, N'-selenoacylamidines and selenoamide vinylogs can be considered as substituted
3-aza-1-selenobutadienes and 1-selenobutadienes respectively for {4 + 2] cycloadditions under mild
conditions. Cycloaddition-cycloreversion or reverse appear as an efficient way to transform

N'-selenoacylamidines into selenoamide vinylogs or 4 H-1,3-selenazines into 4 H-selenopyran derivatives.
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