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Diels-Alder Cycloaddition Reaction of Unactivated 2-Aza-1,3-dienes with Dialkyl

Azodicarboxylates and Heterocumulenes
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The first example is presented of a Diels-Alder cycloaddition of electronically neutral 2-aza-1,3-dienes using an
electron-poor dienophile; the [4 + 2] cycloaddition reaction of 2-aza-1,3-dienes to heterocumulenes and carbon

disulphide is also shown.

Since its discovery, the Diels—Alder reaction has largely
proved to be one of the most valuable, versatile processes for
constructing organic molecules.l-2 Heterodienophiles have
been extensively used in the synthesis of six-membered
heterocycles, but extension of the reaction to nitrogen-
containing dienes, particularly 2-azadienes, has received much
less attention, probably owing to the lack of general methods
of synthesis of these azadiene derivatives.2

Recently we reported? a simple procedure for the prepara-
tion of unfunctionalized 2-azadienes of type (1) and shown
their ability to participate as dienes in [4 + 2] cycloadditions
with simple aldehydes of type (2)!4 (Scheme 1). This is in
contrast to reports that 2-azadienes need to be activated with
electron-donor substituents in order to react with electron-
poor dienophiles.2> Mariano and co-workers® have reported
that electronically neutral 2-azadienes undergo Lewis acid-
catalysed cycloadditions to electron-rich alkenes (enol ethers
and enamines) in 5—33% yields. These workersé and otherss.
have agreed that this type of 2-azadiene fails to react with
normal dienophiles; among the explanations given are confor-
mational factors and thermal lability of the diene as well as the
absence of activating substituents.

We report here the first example of a Diels-Alder reaction
of electronically neutral 2-azadienes (1) with electron-poor
dienophiles, e.g. dialkyl azodicarboxylates (3).

Thus the reaction of (1) with diethyl and di-isopropyl
azodicarboxylate (3) [benzene or tetrahydrofuran (THF);
25°C; 3—10 h] gave the Diels—Alder cycloadduct (4) as the
sole stereoisomer, the yield of isolated product being higher
than 85% (Scheme 1, Table 1).

Compounds (4) were characterized on the basis of their
spectroscopic data and mass spectrometry.f In the absence of
definitive evidence, the tentative stereochemical assignment
was based on the results obtained in the reaction of (1) with
aldehydes.3?

Further, when the reaction of (1) with (3) was carried out in
various solvents and monitored by 'H n.m.r. spectroscopy (90
MHZz), minor reaction rate variations (K, values at 15 °C for
CCl~CD;CN-CDCl; are 1:1.6:4.7) were observed as expec-
ted for a Diels-Alder reaction.8

When (1) was treated with isocyanates (5) (X = NR4, Y =
O) or isothiocyanates (5) (X = NR4, Y = S) (benzene or THF;
80°C; 16—60 h) cycloadducts (6) derived from the [4 + 2]
cycloaddition reaction were formed in high yields (Scheme 1,
Table 2). The reaction shows complete chemo- and regio-
selectivity.9—11 Thus, the 'H n.m.r. spectrum (80 MHz,
CDCl,) of the crude reaction mixture shows for (6a), apart
from the aromatic hydrogen atoms, signals at 8 0.9(t, 3H),
1.8(s, 3H), 2.3(m, 2H), and 4.5(broad, 1H, exchangeable with
D,0); the carbonyl and thiocarbonyl carbon atoms of
compounds (6) appear in the 3C n.m.r. spectrum (20 MHz,

1 For example: (4¢), 'H n.m.r. (200 MHz, CDCl,) 6 0.5(d, 3H), 0.9(t,
3H), 1.0(d, 3H), 1.25(d, 3H), 1.3(d, 3H), 1.4(d, 3H), 2.3(m, 1H),
3.3(m, 1H). 4.5(m, 1H), 5.0(m, 1H), and 5.5(q, 1H).

CDCl; or [2Hg)dimethyl sulphoxide) at ca. & 170 and 191,
respectively.f

Finally, we tested the reactivity of 2-azadienes (1) towards
carbon disulphide (5) (X = Y = S), whose ability to
participate in [4 + 2] processes has not yet been reported,1a.12
and found that (1a) reacts with CS, in the presence of catalytic
amounts of BF;-Et,O [molar ratio (1):CS;:catalyst of
1:1.2:0.1] in refluxing benzene to give after 48 h the [4 + 2]
cycloadduct (7a) in 50% yield (Scheme 2, Table 2).

In conclusion, the present work demonstrates the potential
of unactivated 2-aza-1,3-dienes in cycloaddition reactions and
their Diels—Alder reaction with electron-poor dienophiles.
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¥ Acid hydrolysis of (6) yielded quantitatively the expected B-oxocar-
boxamide or B-oxothiocarboxamide.



1180

J. CHEM. SOC., CHEM. COMMUN., 1986

Table 1. 1,2,3,6-Tetrahydro-1,2 4-triazines (4) from 2-azadienes (1).

Compound? R! R2
(4a) Ph Me
(4b) Ph Et
(4c) Ph Me
(4d) p-MeCgH, Me

2 All new compounds reported here gave satisfactory elemental analyses.

R3 Yield/% M.p./°C
Et 90 158—160
Et 85 120—122
Pri 88 159—161
Pri 89 146—148

Table 2. 1,2-Dihydropyrimidin-4(3H)-ones and -thiones (6) and 1,2-dihydro-1,3-thiazin-6(3H)-thiones (7) from 2-azadienes (1).

Compounda R! R2 X
(6a) Ph Me (¢)
(6b) Ph Me o
(6¢) p-MeC¢H,4 Me S
(6d) Ph Me S
(7a) Ph Me S

2 All new compounds reported here gave satisfactory elemental analyses.

Y Yield/% M.p./°C

PhN 80 163—165
p-CICH,N 75 210212
PhN 82 197—199
p-MeC,H,N 70 194—196
S 50 150—152
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