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AWra&: 7%ermolysis of 3-methyl-4Kl.2-besmxazime gave the fenscyclic I~-~yt-7~,1~,13~-_II,3~nz- 
o~no[3,2-~]~1,2~~~~, which firrthe~ reamurged to the isorneric Sa-me~y~-faN,11~,13H-[1,3]benz- 
oxazino[2,3-~][1,3]bsoEaxrrzine. Thermo~ysis of the banzaxazinehenmxazi nes gave 2-methyM~-1,3-banmxazins, 
and oquinone methide which was trapped by ethyl vinyl ether to give Zeth~~y-dihydrobeazopymn. 

Hetero cycloaddition reactions have recently become a powerful too] in the stereoselective synthesis of 

complex heterocyclic systemst Here we wish to report a simple approach to two novel derivatives of 

bezoxazinobenxoxazines, 1 and 2, by a sequence of tandem2 retro-Diefs-Alder-Diels-Aider @WA-DA) 

reactions. Of the three possible isomers of the nitrogen-bridged linear benzoxazinobenzoxazines 13, only a 

single analogue, imide 43 and the thio-ana~o~e be~thi~~be~ot~ne 5,4 have been reported before. 

Shudo and co-workers3 have recently showu that the mitd thermolysis (< QQ *C) of 1,2-benzoxazines 6 

in the presence ofelectron rich defins gave chromans 8, in a tandem RDA-DA reaction, via the highly reactive 

o-quinone methide intermediates 7. We have found that tbermolysis of 5 (R = CH3) in refluxing chloroform, in 

the ukence of an extemui ok-n sowce, leads smutty to the novel t&acyclic 12a-methyI-7~, 12aH,13HL 

[1,3Jbenzoxazino[3,2-b][l,2]beruoxazine 9.6 None of the dimeric nor trimeric derivatives of o-qt.&one 

methide which are obtained in the usual pyrolytic methods7 were detected. 
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6 R=Ck&Ph 7 8 R’ = Ph, OPh, 

Benzoxazinobenzoxazine 9 was readily identified by its tH NJMR (CDCI,, 300 MHz) spectrum which 

exhibits two nonequivalent AB systems for the methylene groups of the 1,2- (6 3.14 and 3.22, &cm= 17 Hz) 

and 1,3-oxazine (6 4.44 and 4.57, &em=18 Hz) rings. Although 9 could readily be isolated as a crystalline 

compound,8 it was quite labile under the reaction conditions, undergoing fbrther thermal rearrangement to the 

novel isomeric Sa-methyLSaH, 1 IH, 13H-[ 1,3]benzoxazino[2,3-b][ 1,3]benzoxazine 10.68 Here, the two 

equivalent methylene groups appear in the lH NMR spectrum as a single AB system (6 3.88 and 4.19, 

Jgemz15.8 Hz). The structure of 10 was fbrther confirmed by its independent synthesis fkom bis(2- 

hydroxybenzyl)-amine 119 and trimethyl orthoacetate.10 
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Notably, the 1H and 1% NMR spectra of 10 show variable temperature dependence indicating 

conformational dynamics about the central C-N ring f&ion. At the limiting iow temperature IH NMR spectrum 

(-114 OC, CD,Ci,) the methylene AB quartet is resolved into four equally populated resonances arranged in 

two AB quartets, whereas the angular methyl signal (6 1.84) remains invariant. Similarly, the methylene signal 

(6 48.88) in the W(1H) NMR spectrum splits at low temperature (-59 *C) into two equally populated signals 

while the methyl signal (6 23.57) remains unchanged. This behavior is consistent with ring inversion of the two 
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1,3-benzoxazino wings of the cis-fised 10. The energy barrier to ring inversion, AG# = 8.7 IccaUmol, is 

significantly lower than that observed for cis-decalin (AG# = 12.8 kcal/mol).lt-13 

Formation of the nonsymmetrical benzoxazinobenzoxazine 9 and its subsequent rearrangement to the 
symmetricaf benzoxazinobenzoxazine 10 is best rationalized as a “domino cascade” of tandem RDA-DA 

transformations. Thus, the initial RDA generation of o-quinone methide 7 from 1,2-benzoxazine 6 in the 

absence of added olefin is rapidly followed by a regioqec@c DA cycloaddition of 7 and another molecule of 6, 

to form adduct 9 exclusively. The reaction followed first order kinetics with a free energy of activation A& = 

25.2 kcaUmol (at 58 oC).12 

The second MBA-DA reaction pair leading to the Die&Alder regiomer 10 involves regeneration of 7 and 

2-methyl~~-l,3-be~ox~ne lZM by RDA cleavage of the 1.2-benzoxazine wing of 9, followed by a 

regiospecific inverse DA recombination. This rearrangement pathway could be verified by run&g the reaction 

in the presence of an excess of ethyl vinyl ether, which traps 7 in s&s, to give the DA adduct 2-ethoxy- 

dihydrobenzopyran 1315 and the thermally stable benzoxazine 12. The rearrangement rate is ca. one order of 

magnitude stower than the d~om~sition rate of 6 to 9, yielding a higher reaction barrier, A& = 26.2 

kcal/mol (at 58 OC).12 

~u~h~o~, ~~o~nobe~x~e 10, lie its counterpart 9, is capable of undergoing the RDA 

reaction regenerating once again 7 and 12, yet this time by cleavage of the more stable 1,3&enzoxazine ring. 

This was again demonstrated by conducting the thermolysis in benzene with an excess of ethyl vinyl ether (100 

OC, 4 days, sealed tube, 65% yield) to yield as above a 1: 1 mixture of 12 and 13, thus completing a third 

RDA-DA sequence. The barrier for cleavage of the 1,3-benzoxazine ring of 10, AG# = 3 1.2 kGaVmoi (at 108 

OC), is considerably higher than that observed for I,%benzoxazines 6 and 9 (vicie a,pra).t2 

In conclusion, we have demonstrated the power of sequential tandem RDA-DA reactions in the synthesis 

and int~conve~ion of novel be~o~nob~x~ne~ and have discovered inter alia, two mild o-quinone 

methide generators, and a convenient approach to the rare 4H-1,3-benzoxazine system. We are presently 

extending this strategy to synthesis and exploration of related novel heterocycles. 
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