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Abstract - The synthesis of a novel fuo[3,4-dJthiazole (6) and some cycloadditions 

are reported. Density functional theoretical calculations are in accord with the 

reactivity of this system. 

Cycloaddition reactions with a-quinodimethane (1 - 2, A = benzo)' and heteroanalogues thereof2 (A = 

pyridiio,3 py~dazino,4 qui~olino,~ quin~xalino,~  fur^,^ t h i ~ ~ h e n o , ~  pyrazo10,~ thiazolo,I0 isothiazolo," 

oxazolo," indo10'~) offer an attractive route to polycyclic systems as also do their more stable countelparts 

3 (A = benzo,I4 f ~ r o , ' ~ , ' ~  t h i ~ ~ h e n o , ' ~ . ' ~  isoxaz~lo, '~ oxa~olo,~'  i n d ~ l o ~ ~ . l *  ). 

Recent work on a 2,3-dimeihylenethiazole (1, A = th ia~olo) '~  prompts us to report our preliminary results on 

the synthesis and reactions of a furo[3,4-d]thiazole (6). The starting material (4) is available by reduct~e  

acylation of the knowni9 dimethyl a-nitrosoacetonedicarboxylic acid. 20 Treatment of 4 wiih phosphorus 

pentasuhide21 yields thiazole (5a).22 Diazo group transfer (Regrtz reaction)23 with 4-azidosulfonylbenzoic acid 

and DBU in acetonitrile gives 5l1,'~ which was subjected to the conditions of a Hanzaguchr-lbata reaction2s 

(RhLOAc),, 1,2-dichloroethane, reflux). Furo[3,4-d]thiazole (6) was obtained as a crystalline compound,26 

which could be stored for several weeks without significant decomposition. Up to now furo[3,4-djthiazoles 

seem not to have been reported in the literature. 
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In line with expectations 6 reacts with electron poor dienophiles like N-phenylmaleimide and 1,4- 

naphthoquinone to give 7'' and 8," respectively. On treatment of 6 with dimethyl acetylenedicarboxylate 

(DMAD) compound (1 1 )  was obtained. This type of reaction is well known for other c-ammlated fur an^.'^,^^ 

Probably 9 is formed in the primary reaction step. Ring opening (to 10)  with subsequent migration of an ester 

group gives 1 1 . ' ~  Surprisingly the reaction of 6 with p-benzoquinone proceeds in a similar manner. 

Compound (12) was obtained as red crystals with mp 140 "C." The structure of 12 was determined 

unequivocally by an X-Ray investigation.32 

Although the exact geometry of furo[3,4-d]thiazoles is unknown, density functional theoretical methods 

(DFT)" have been proven to be of considerable value in the prediction of geometric and energetic data of 

organic According to these  calculation^^^ the furo[3,4-d]thiazole is entirely planar. Bond 

lengths for both 6 and the parent compound (13) are given in Scheme 2. 
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Scheme 2 Calculated bond lengths (I" A) for 6 (R' = Me. RZ = OMe. R 3  = COzMe) and 13 (R'  = R 2  = R = H, values 

~n parentheses) (E(6) - 1 102 18038 a u , E (13) -720 45081 a u ) 

Although quantitative investigations are still lacking the hro[3,4-d]thiazole (6) seems t o  he less reactive in 

DielcAlder reactions than the corresponding henzo[c]ftuan. DFT calculations for the model reactions (1) and 

(2) and the corresponding reactions of 13 with ethene (to 20) and acetylene (to 21) revealed the followkg 

results (Table 1). 

20 21 

Scheme 3 

(a) Furo[3,4-d]thiamle (13) is less reactive than henzo[c]furan (14) (both with ethene and acetylene); (b) In 

strongly related reactions (to 16120 and 19121, respectively) the heats of reaction can sewe as a measure of 

reactivity. 
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Table I Heats of reaction (AE) and transition state energies (AE(ts)) (values in kcallmol)' 

Compound AE AE(ts) 

16  15.4 

"3LYP16-31 G*. For reaction (1). For reaction (2). "or the reaction of 13 with ethene (to 20). 'For the reaction of 

13 with acetylene (to 21). 

The transition states of 20 and 21 are s h o w  in Figure I and Figure 2. In line with expectations the transition 

states are nearly symmetrical with sligthly pyramidalized (bent) reaction centers. 

Figure I Transit~on state geometly of 20 Figure 2: Transition stategeometry of 21. 

The results s h o w  in Scheme 2 and Table 1 underline the validity and reliability of DFT calculations also 

reported by other m . theoretical studies of ground and transition states of organic molecules 

(reactions). 
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