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In a recent publication2, McKillop et al. have reported that the reaction of 

benzimidazole-2 (2H) thione (1) with dimethyl acetylenedicarboxylate (DMAD) gives 

rise to a mixture of two products in varying proportions depending upon the sol- 

vent, acetic acid or methanol. One of the products, mop. 192-193", was obtained 

pure by fractional crystallization and shown to be &, in agreement with an 

earlier study3 , partly using synthetic evidence but mainly on the basis of X-ray 

crystallography. The geometry of the exocyclic double bond in &unfortunately 

was not described. The second product of the DMAD reaction was not isolated in 

the pure state, but the presence of a very low field arolnatic (HA) resonance at 

6 8.04 in the 'H NMR spectrum of the mixture of products prompted these authors 

to consider structure 4& for this component. However they pointed out that 

structnre & could not be excluded as anisotropic shielding of HA would be anti- 

cipated in this structure as well. Additionally it may be noted that although 

structure 2 was mentioned, it was not considered in the discussion. & cannot 

be eliminated as a possibility especially if it has the geometry shown. 

We have been interested in the use of 13 C NMR spectroscopy for the elucida- 

tion of structures of addition products of a variety of thiocarbamyl and other 

dinucleophiles to acetylenedicarboxylic esters and have shown recently4 that 

thioureas in general @ve rise to carboxymethylidenethiazolinones 6, incorpora- 

ting a fumarate unit (2 configuration). The chemical shift of the lactam C=O 

carbon and more particularly its coupling with a neighbouring proton were used to 

assign structures 6 uni,uely, ruling out several alternative possibilities, among 

them mainly 1 which was a strong contender'. As part of this exercise, we have 

studied the addition of 1 to DW and the diethyl ester (DEAD) and wish to commu- 

nicate our results briefly. 
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Reaction of equimolecular amounts of J_ with DMAD in methanol or acetic acid 

gave mixtures of & and & in approximately the same ratios as reported' ('H NMR 

analysis). Crystallization of the crude product that came out of the reaction 

in acetic acid, from acetone gave B6, mop. 
h95P EtOH 

191-193O; yco 1740, 1690 cm"; 

270, 334 (log E 4.22, 3.48), htin 299 (log ~'3.28); mass ape&rum 

myat 260 (M+; IOO%), 229 (20961, 201 (40%), 174 (85%), 126 (406). The acetic 

acid mother liquors were combined and concentrated to give a crop from which more 

& was crystallized out with acetone. The more soluble product was then recovered 

and recrystallised thrice from the same solvent to give pure &, mop. 1?I-173°i 

Y 1745, 1710 cm-'; kg596 EtoH 255, 268 (inflex), 298-315, 360 (inflex) (log L 

4?2, 4.32, 3.52, 3.25rm~ss spectrum m/e 260 (PI+, loo%), 201 (25%6), 173 (48%), 

172 (26%), 129 (40%). 'Ihe reaction of J_ with DEAD in acetic acid or ethanol like- 

wise gave f&mixture of gand Q. The product from the acetic acid reaction was 

separated as before into & (from acetone), mop0 169-171° and & (from acetone; 
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8546 pure), m-p. 128-134'. Relevant NMR spectral data of the four products are 

collected in the Table'. 

Table: 

13C 'II 

SC(l) BC(2) 6C(3) W(4) "Ha 6H(C-2) 6H(C-3) 

165.8 121.5 
(q, J = (d, J 3: 

4 Hz) 174 Hz) 

122.1 
(a, J = 
174 Hz) 

161.8 
(m) 

157.4 

d._JE(;)H(C-2) 
Z 

157.8 

aP3JE(;)H(C-2) 
Z 

121.5 159.1 8.45 
(a, J = (8) (m) 
177 Hz) 

161.2 
(m) 

121.1 158.4 
(a, J = (s) 
176 Hz) 

7’;’ - s 

1’3” - S 

I’? S 

u5 S 
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The "C NMR spectrum of & showedtwo low field signals, a quartet due to C-l8 

and a doublet for C-4 with J 
C(4)H(C-2) = 6 Hz* C-l ana C-4 in g were correspon- 

dingly seen respectively as a triplet and a doublet with JC(4)H(C_2) = 6 Hz. The 

observed coupling of the lactam C atom clearly supports the thiazolinone struc- 

tures & and 3 with a fumarate geometry (2 isomer) and rules out the E isomer 

(expected J ~12 Hz) and thiazinone possibilities 4 and 2 (expected 2 bona JCHf 

1 Hz)~. 

NMR spectral data of thiazolobenzimidazoles a, & and thiazinobenz- 

imidazoles, & and 9. 

The l3 C NMR spectrum of & showed a multiplet and a singlet in the CM region. 

The former is clearly due to C-l, coupled to H(C-3) and CH3. Thus the singlet is 

to be ascribed to the other carbonyl carbon atom. The spectrum of & had similar 

features in the CO region. Structures & and fi are thus supported, since *JcH 

is known to be small in such systems and is often not resolved. Structures & 

and 2 are ruled out automatically, since these should show 'JCH of the order of 
6 Hz. The remaining possibilities &and 2 are unlikely since it is well-known 

that sulphur is M)re nucleophilic than nitrogen in cyclic and acyclic thioureas. 

More importantly, in several published examples of S (X P S)4sg and (X = NH)", 

there is no signal in the 'H NMR spectrum below 6 7.7. On the other hand, &and 

5 as well as analogous pyrimidobenzimidazolesio do exhibit a proton titiplet 



56 No. 1 

around 8.5 ppm. We have thus succeeded in isolating the second component from the 

reaction of 1 with DMAD and using NMR spectroscopy to establish its structure as 

&. 

We have also observed that a and 9 were unchanged after refluxing in o- 

dichlorobenzene solution for 1 hour. Treatment of & with catalytic amount of 

sulphuric acid in refluxing methanol for 8 hr. led to a mixture of 2 (47%) and 

& (535). Similar treatment of & for 16 hr gave a mixture of & (38%) and & 

(62$), demonstrating that & was somewhat stabler than a. The changes presumably 

occur by attack of the lactam C=O group by methanol followed by recyclization in- 

volving the original carbomethoxy group* An alternative possibility of acid- 

catalyzed cleavage of S-C(3)/C(2) bond followed by readdition of sulphur to the 

other centre cannot be ruled out. 
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