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Summary : 2-Morpholinobutadienes have been found to show different behaviour in the 
reaction with isocyanates and isothiocyanates. While isocyanates give rise always to open 
chain compounds, isothiocyanates yield mainly thiint derivatives. 

In previous papers2 we have reported the reactivity of the readily available 

2-morpholinobutadienes3 with a wide variety of dienophiles showing an enamine behaviour, 

except in those cases where a substituent of the aminodiene could participate in the reaction. 

Furthermore, the high regio- and stereoselectivity observed made 2-morpholinobutadienes 

interesting starting materials for the preparation of highly functionalized compounds. 

Continuing with this work and due to our interest in the Diels-Alder reaction,4 

we decided to extend the study of the behaviour of 2-aminodienes towards other types of 

dienophiles, such as isocyanates and isothiocyanates in order to prepare modified 

2-aminobutadienes. 
It is worth noting that isocyanates and isothiocyanates react readily with 

enamines affording addition or susbstitution products.5 However, as much as we know, 

there are no examples of the reaction of a cross-conjugated enamine with isothiocyanates in 

the literature and only one involving isocyanates, which leads to a mixture of Z, E- 
diastereoisomers, has been described.6 

The treatment of 2-morpholinobutadienes 1 with one equivalent of isocyanates 

2 (X=0), in dry THF (25”C, 6 h) , afforded new substituted 2-morpholinobutadienes 47 in 

an almost quantitative yield as single diastereoisomers, as detected by NMR spectra of the 

reaction crude (Scheme I )(Tuble I ). The acid hydrolysis (lN*HCl, 25”C, 2 h) of 4 led to 

the corresponding P-oxoacid derivatives 6.8 

On the other hand, treatment of 2-morpholinobutadiene 1 (Rs=H) with isothiocyanates 

2 (X=S) in the same reaction conditions as above, afforded cycloadducts 5 as single 

diastereoisomersg (Scheme I )(Table I ). When R%H cycloadduct 5 was not obtained, but 
the reaction afforded a complex reaction mixture, from which the thiourea derived from the 
addition of morpholine to the isothiocyanate was identified. Compounds 5 could not be 

hydrolyzed in the same reaction conditions as 4 but their hydrochloride salts were isolated as 

crystalline substances. 
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Table I. New marpholinow 4 and aminothiin derivatives 5 wared 

Compound RI R2 R3 Ar m.p.b Yielda 

4a 

4b 

4c 

4d 

4e 

Sa 

Sb 

SC 

5d 

Se 

CH3 CHzOSi(CH3)3 H 

a3 H m2=3 

-(cH2)4- H 

a3 CH2OCH3 H 

CH3 CH2OCH3 H 

CH3 CHzOSi(CH3)3 H 

-(cH2)4- H 

CH3 H H 

a3 m2w3 I-I 

p -To1 109 98 

p -To1 112 96 

p-To1 172 97 

p -To1 209 99 

Ph 112 98 

Ph 157 96 

Ph 178 96 

Ph 152 92 

Ph Oil 89 

p -Cl-Ph 130 98 

a) Yield of the crude reaction product. All the new compounds were characterized 
by high nsolution NMR analytis.10 b) Melting points are uncorrected. 

The stereochemical assignment of compounds 4 was based on steady-state NOE 
experiments carried out on 4e as a model. Saturation of Ha by low power irradiation causes 

positive NOES at Hb (4 %), and Hc (11 %), establishing the E configuration of the enaminic 

double bond as well as the preferred conformation of the amidic moiety (Scheme I ) imposed 
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by the restricted rotation around the C-N bond. Moreover, when the saturation of R1 (=Me) 
takes place, positive NOES are observed for the methylene protons in R2 (10 %) and for Hb 

(3 %), which in turn afford an indirect NOE on Ha (-8 8). This clearly shows that 

compounds 4 exist in solution in the (s-d ) - conformation showed in scheme I. 
The relative configuration of aminothiin derivatives 5 at C5 and Cg was 

determined through the analysis of the coupling patterns of H5 and Hg in the 1H-nmr 

spectrum and confirmed by a NOESY experiment carried out in the phase sensitive mode.11 
Thus, H5 shows a very Smdl ViCiId coupling to Hg (H5, dq, 3.l~5-c~~ = 6.9 Hz, ~JHJ_H~ = 

2.9 Hz) and no cross-peaks were found between Hg and Rl (=Me) in the NOESY spectrum, 

pointing to a syn arrangement of the substituents R1 and R2 in the molecule. Otherwise, 

difference spectroscopy also showed that the trurt~- configuration of the enaminic double 

bond was again retained in 4c. But, instead a preference for the s-truns conformation of the 

dienic system was found. Saturation of the high field multiplet of the morpholino substituent 
produces positive NOES at the metbylene protons of R3 (2 %) and at Ha (14 S). 

The formation of adducts 4 and 5 can be understood by a step-wise reaction. 

Thus, nucleophilic attack of Cp-enamine carbon atom to the electrophilic center of the 
heterocumulene followed by either intramolecular cyclization (X=S) or proton abstraction 
(X=0) can explain the process. The different behaviour of isocyanates and isothiocyanates 

can be rationalized in terms of the higher nucleophilic character of sulphur along with the 

higher basicity of the oxygen atom. (Scheme II ). 

Scheme II 
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