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Summary: 2-(N-Acylamino)-1-thia-1,3-dienes are a new class of reactive
hetero-1,3-diene which can be generated in situ via acylation of o,B-unsaturated
thioamides. These systems undergo Diels-Alder cycloaddition with electron deficient,
non-activated and electron rich alkenes to yield usefully functionalised
dihydrothiopyrans.

The Diels-Alder reaction is one of the most useful methods for the efficient
construction of six-membered ring systems with a high degree of regio- and
stereocontrol.?2 In addition, the hetero Diels-Alder reaction, in which the diene or
dienophile contains one or more hetero atoms, has become established as a general
method for the synthesis of six-membered heterocyclic ring systems.3 There are several
examples concerning the cycloaddition of systems containing the 1-thia-1,3-diene
moiety; for instance, o,B-unsaturated thioaldehydes and ketones behave as reactive
hetero dienes in Diels-Alder cycloadditions.4 In contrast, the corresponding
o,B-unsaturated thioamides are generally much less reactive, although it has been
reported> that 3-aryl-2-cyanothioacrylamides (1) exist in equilibrium with the [4+2]
dimers (2) and can also undergo intermolecular cycloaddition with electron deficient

dienophiles yielding dihydrothiopyrans (3).6
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We now report that the simpler o,B-unsaturated thicamides? (4, R! = H, Et),
when acylated in situ in the presence of electron deficient, non-activated, or electron

rich dienophiles produce usefully functionalised 6-(N-acylamino)-3,4-dihydro-2H-
-thiopyrans® (6, R2 = COMe, Et) with regiospecificity and high stereoselectivity,
presumably via the intermediacy of the N-acetyl thioamide (5) (Scheme 2). The results
of similar cycloadditions are summarised in the Table.?
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Several points are noteworthy: (i) all cycloadditions are stereoselective and
generally favour the formation of the endo-cycloadduct; (i) cycloadditions with
non-symmetrical dienophiles are regiospecific, the observed regiochemistry depending
on the nature of the dienophile; (iii) N-acyl thioamides undergo cycloaddition to
electron deficient (7, 8,9, 11 and 12), non-activated (13 and 14), and to electron rich (10)
dienophiles.

In the absence of acetyl chloride the thioamides themselves are completely
unreactive towards dienophiles, and are recovered in full even after prolonged heating
with a dienophilic trap. In addition, the starting thioamides (4) showed no tendency to
undergo [4+2] dimerisation, in contrast to the behaviour of the related a-cyano system
(1).5 In the absence of added dienophiles, adducts (e.g. 6a, R2=Et, X=CSNHEt, Y=Ph)
arising via an initial [4+2] cycloaddition of the N-acyl thicamides (5) to the starting
thioamides (4) are obtained in moderate yields as stable crystalline solids.

The regio- and stereochemistry of the cycloadditions described herein appear to
be in complete accordance with frontier molecular orbital symmetry predictions.!0

Studies concerning the synthetic scope of these cycloadditions are now in progress.
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Table. [4+2] Cycloadditions of N-acyl thioamides (5).

Thicamide (4) Dienophile Products Yield (%)2
Ph Ph Ph
sy s
Jo o K
H S N g Y N Y
Rl RZ R2

R'=H X=Y=CO;Me 7a R2=COMe 7 R2=COMe 15b(4:1)

X =Y =CO;Me X=Y=CO;Me

7¢ R2=H 7d R2=H 30 (4:1)

X=Y=CO;Me X =Y = COMe
Rl = Et X=Y=COMe 8a R2=Et 8 R2=EFEt 81(7:1)

X =Y =CO,Me X=Y=COMe
Rl =FEt X=CN,Y=H 9 R2Z=Et 38

X=CN,Y=H
R! = Et X=H,Y=0OEt 10a R2=Et 10b R2 = Et 30 (1:4)

X=H,Y=0Ft X=H,Y =OFt

Ph
H O
0
NMi)k | NMe
N S
R? H 5
Rl =Et 11a R2 = Et 11b R2 = Et 60 (4:1)
Rl=H 12a R2 = COMe 12b R2 = COMe 21b(2:1)
Ph
H
DI
)I\N S
Rl =Et 13 R2=Et 86
Rl=H 14 R? = COMe 47b
Notes :

(a) The ratio of isomers is given in parentheses. All new compounds gave IR,

NMR and mass spectral data which were consistent with the proposed structures.

(b) In addition, a substantial amount of cinnamonitrile was isolated.
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dissolved in pyridine (1.7ml ; 21.0mmol) and acetone (20ml) containing dimethyl
fumarate (1.7g ; 11.5mmol) and this solution was then heated to 65°C. Acetyl chloride
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solution was maintained at 65°C for a further 18 h. After cooling and aqueous work-up,
chromatography (5i0;, 50% ethyl acetate / hexane) yielded 3.28g (83%) of an isomeric
mixture of cycloadducts (8a and 8b, Table) as a pale yellow solid. The cycloadducts were
separated by fractional crystallisation from ether to give 8a (2.56g ; 71%) and 8b (0.36g ;

10%).
9. The structures of all cycloadducts were determined using a combination of high

field NMR techniques. Representative data are shown below.10

8a 1TH NMR (CDCly), d: 1.10 (3H, t, -CH,>CH3); 2.15 (3H, s, COCH3); 3.31 (1H, dd, H-3); 3.48
(3H, s, OCHj3); 3.43-3.65 (2H, m, -CH,CH3); 3.65 (3H, s, OCH3y); 412 (1H, dd, H-4); 4.23 (1H,
d, H-2); 5,91 (1H, d, H-5); 7.04 (2H, dm, C4-Ph ortho protons).

8b TH NMR (CDCly), d: 1.10 (3H, t, -CH,CH3); 2.14 {3H, s, COCHjy); 3.16 (1H, t, H-3); 3.39
(3H, s, OCHy); 3.43-3.65 (2H, m, -CH,CHy); 3.53 (3H, s, OCH,); 3.85(1H, dd, H-4); 4.44 (1H,
d, H-2); 5.74(1H, d, H-5); 7.06 (2H, dm, C4-Ph ortho protons).

10. Full details will be published elsewhere.
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