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Abstract – During the preparation of 6-bromoisoquinolinone, a novel and 

unexpected reaction occurred to form a pyridinone and a pyrimidine-2,4-dione.  

We propose a [4+2] Diels-Alder dimerization of an intermediate 

styrene-isocyanate to explain the observed products.

Heterocycles are among the most diverse organic moieties and as such are found in many important natural, 

agricultural, pharmaceutical, and industrial compounds.  One such heterocycle of pharmaceutical interest is 

isoquinolinone.  Isoquinolinones are reported as inhibitors of mGluR1, ROCK1, platelet ADP, 

5-lipoxygenase, protein kinase B/Akt, and prostaglandin and leukotriene production, among others.1 

During the course of our research we found it necessary to prepare 6-bromoisoquinolinone (1) as a key 

intermediate for further derivatization.  Although syntheses of isoquinolinones using a modified 

Pomeranz-Fritsch reaction,2 an SNAr reaction,3 and carbamate cyclization4 have recently appeared, for 

expediency we followed the procedure by Sircar5,6 for the preparation of a related isoquinolinone.  

3-Bromocinnamic acid (2) was first converted to its acid chloride (3) with thionyl chloride.  This 

intermediate was then reacted with sodium azide to give 3-bromocinnamoyl azide, which underwent a 

Curtius rearrangement to the isocyanate and cyclized to give the expected product 17 upon further heating 

(Scheme 1).  To our surprise, we also isolated two other intriguing compounds in the reaction mixture, and 

eventually identified them as 3,5-bis(3-bromophenyl)pyridinone (4)8 and 5-(3-bromophenyl)uracil (5).9 

A mechanistic rationale for the formation of both pyridinone 4 and uracil 5 is depicted in Scheme 2.  They 

can be envisioned as [4+2] Diels-Alder adducts with subsequent loss of either cyanic acid or 

3-bromophenylacetylene, followed by hydrogen migration.  It would appear that these dimerizations are 

competitive with unimolecular cyclization since isomerization of the trans double bond to the cis 

geometrical  isomer  is  not  required.  Besides  being  supported  by the  usual  instrumental  data  (CHN,   MS,  
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IR, 1HNMR,  
13CNMR),  the  proposed  structures  of  both  compounds  are  also  supported  by  information 

gathered from further 2-D NMR experiments. 

In the case of pyridinone 4, proton assignments for the two aryl substituents can be easily grouped together 

using data from a COSY experiment.  The coupling constant between the two remaining protons is 2.8 Hz, 

making them meta to one another.  The phenyl groups can then be assigned on the basis of their ROESY 

cross peaks to these two protons on the pyridinone core (Figure); H-4 shows Overhauser effects to the ortho 

protons on both phenyl rings whereas H-6 only shows effects to those on one (besides the adjacent H-1).  

Using HSQC correlations, the proton assignments are readily transferred to their respective carbons, and 

the gHMBC data allows the quaternary carbons of the phenyl rings to be assigned based on the large meta 

H-C correlations to the already assigned protons.  Additional gHMBC interactions between C-3 and H-4, 

and between C-5 and H-6, provide further support.   

In the case of uracil 5, HSQC correlations tie the protons to their respective carbons.  ROESY cross peaks 

to H-6 are observed with H-1, the ortho protons of the phenyl ring, and H-3 (a relayed signal, not shown) 

(Figure).  gHMBC cross peaks to H-6 are observed with carbonyl carbons C-2 and C-4, and with 

quaternary carbons C-5 and C-7; further cross peaks are seen between C-5 and the ortho protons of the 

phenyl ring.  These correlations fix the position of the phenyl ring in relation to the lone uracil C-H.  

Further support for an adjacent nitrogen is seen in this carbon’s downfield shift to 140.2 ppm. 

We  searched  the  literature  for  a  precedent  and  found  a  citation  for  a  Diels-Alder  reaction  with  a  similar 

substrate  in  a  short  paper  published  nearly  forty  years  ago  by  Woerner  and  Reimlinger,10
  where  they 
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describe the result of heating 1-isocyanatostyrene (6) at 180 ºC (Scheme 3).  They found that no cyclization 

onto the phenyl ring occurred, but instead a dimerization in 40% yield, without elimination of cyanic acid.  
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Scheme 3 

Although analogs of 4 and 5 itself have appeared in the literature,11 to our knowledge this is the first time 

either heterocycle has been prepared through the intermediacy of an isocyanate as described here.   Other 

pharmacologically important analogs of 4 and 5 have also appeared in the patent literature.  

3,5-Diarylpyridinones have been claimed as AMPA receptor antagonists for the treatment of 

neurodegenerative diseases,12 and 5-aryluracils were studied more than twenty years ago as potential 

pharmaceuticals in an East German patent,13 and more recently as antagonists of serotonin 2, α1a adrenergic, 

and gonadotropin-releasing receptors.14 

In summary, we report the finding of a quick access to 6-bromoisoquinolinone, and the coincident finding 

of a route to potentially useful 3,5-diarylpyridinones and 5-aryluracils through a novel mechanistic 

pathway. 
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