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A convenient and apparently general procedure has been developed to prepare ?-oxopyrimido[~,l-hli,enzazc,le- 
2-carboxylates by reaction of dimethyl 2-aminofumarate (DMAF) with 2-aminohenzothiazole, 2-aminobenzoxa- 
zolo, o r  2-amino-1-methylhenzimidazole. This new method complements the reaction of dimethyl acetylenedicar- 
boxylate (DMAD) with these 2-aminobenzazoles since their reaction with DM.4D gives the isomeric h x o p y r i -  
miclo[2,1-b]benzazole-4-carboxylates. The esters derived from DMAF were hydrolyzed and decarboxylated t o  com- 
pounds which were identical with those obtained by hydrolysis and decarboxylation of the esters produced hy  reac- 
tion of each of the 2-aminobenzazoles with diethyl ethoxymethylenemalonate (DEEM). These decarboxylated de- 
rivatives are distinctly different from those obtained hy hydrolysis and decarboxylation of the DRIAII-derived es- 
ter:,. The assignments of compounds as 2-oxo or 4-oxo products were made on  the basis of the 'H NMR spectra. spe- 
cifically by reference to the chemical shift of' the absorbance assigned to the C-6 benzo ring proton. 

During the course of a medicinal chemical project in our 
laboratories, we became interested in preparing compounds 
of structure 2 (Scheme I), where X = S, 0, or NCH:3. Theo- 

Scheme I 

\ 3 6 

4 

a. x = S; b. X = 0 ,  c ,  X = NCH, 

retically, such compounds might be available by Michael re- 
action of a 2-aminobenzazole 1 with dimethyl acetylenedi- 
carboxylate (DMAD) a t  the 2-amino group, followed by cy- 
clization onto the ring nitrogen. However. since the ring ni- 
trogen is also a potential nucleophilic site for the initial Mi- 
chael reaction, the possibility exists that the reaction will give 
the %oxo structure 3 rather than the 4-oxo structure 2, which 
we desired. 

A literature survey indicated that the reaction of DMAD 
with 2-aminobenzothiazole has been more thoroughly inves- 
tigated than its reaction with the other 2-aminobenzazoles, 
and it seemed likely that, a t  least for this case, the usual 
product is in fact the 2-oxo isomer 3a. This structure has been 
assigned on the basis of 'H NMR data, including comparison 
with IH NMR data of compounds which have the 4-0XO 
structure but which do not have the ester functionality as in 
2.l.' Reimlinger et  al., in a brief report, have described the 
reaction of l a  with DMAD under various reaction conditions, 
)ne of which gave a chromatographically separable mixture 
of 2a and 3a which was isolated in yields of 2 and 6%, respec- 
tively.:' The authors did not discuss the basis for their struc- 
tural assignments. Finally, in a report which appeared after 
the commencement of our work, the structure of 3a was es- 
tablished unequivocally by X-ray cry~tallography.~ 

The reaction of 2-aminobenzoxazole (1  b) with DMAD has 
been reported to give 3b rather than 2b, and again the struc- 
ture assignment is based on lH NMR evidence.2 Reaction of 
2-amino-1-methylbenzimidazole ( IC)  with DMAD has not 
been reported, although the reaction of 2-aminobenzimidazole 
( I ,  X = NH) apparently also gives a tricyclic compound of the 
2-oxo (3)  rather than 4-0XO (2) structure.' No X-ray analyses 
have been reported in these cases; 'H NMR data for the 
products, and for related but not isomeric compounds, were 
the basis for structural assignments. 

At the time our work began we felt that the published 
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structural evidence, though compelling, was not definitive, 
especially since, with the exception of the one benzothiazole 
report by Reimlinger,3 only one of the two possible isomers 
2 and 3 was available for comparison. We now wish to report 
a general synthetic method for preparing compounds of 
structure 2 and the use of these compounds and their isomers 
and derivatives to satisfactorily define their structures and 
the structures of the DMAD-derived isomers. 

We first set c u t  to prove to our own satisfaction that the 
reactions of DMAD with the three 2-aminobenzazoles la-c 
give, in each case, compounds of structure 3 rather than 2. A 
possible approach to this problem was suggested to us by the 
work of DunwelI and Evans on the benzothiazole case1 and by 
the work of Chow et al. on the reaction of diethyl ethoxy- 
rnethylenemalonate (DEEM) with 2-aminobenzimida~ole.~ 
This approach focused on the chemical shift of the C-6 proton 
in the IH NMR spectra of these compounds. If the tricyclic 
compounds under consideration have the 4-oxo structure as 
in 2, one would expect the C-6 proton to be shifted downfield 
from the main aromatic signals by the paramagnetic aniso- 
t.ropic effect of the carbonyl a t  C-4. This is indeed the case for 
the products of the reaction of DEEM with 2-aminoben- 
zothiazole,1~*~6 2-arninobenzoxazole,‘ and 2-aminobenzim- 
i d a ~ o l e , ~ - ~  although a similar reaction with 2-amino-1-meth- 
ylbenzimidazolc: has not been reported. The structural as- 
signments for the DEEM-derived products were made by the 
previous workers on the basis of the downfield shift of the C-6 
proton since one would not expect such a shift for compounds 
having the alternative structure 7. 

~ O O C H ~ C H ,  
7 

This analysis seemed reasonable in the case of these 
DEEM-derived products, but its extension to the DMAD- 
derived structure assignment seemed more ambiguous to us 
since it is unclear what effect the C-4 carbomethoxy in 
structure 3 might have on the chemical shift of the C-6 proton. 
This problem seemed especially ambiguous to us at  the outset 
if only one of the two possible isomers 2 or 3 was actually 
available for spectral analysis. Reimlinger e t  aL3 did isolate 
both isomers from 2-aminobenzothiazole, and their reported 
‘H NMR data are consistent with the expectation that an 
aromatic absorbance would be shifted downfield for the 4-0XO 
compound, but they assigned this absorbance to the C-9 
proton, which seemed incorrect to us. 

We therefore decided to submit the DMAD- and DEEM- 
derived esters to hydrolysis and subsequent decarboxylation 
in order to observe the resulting chemical shift differences for 
the C-6 proton. We reasoned that  if the actual structures of 
the DMAD-derived esters and the DEEM-derived esters were 
3 and 4, respectively, as suggested by the previous workers, 
then the C-6 proton chemical shift should remain about the 
same after decarboxylation of 4, but should shift one way or 
another after decarboxylation of 3. Furthermore, if the 
structures were as suggested, then the decarboxylation 
products should be distinctly different from each other; if the 
decarboxylation products were identical, one of the structure 
assignments must be wrong. 

The DMAD-derived esters were prepared and saponified 
by aqueous base. The resulting acids were decarboxylated by 
,brief thermolysis in refluxing diphenyl ether or by heating 
them in quinoline in the presence of copper powder. The 
DEEM-derived esters 4a and 4c were prepared and saponified 
by aqueous base, but the resulting acids would not decar- 
boxylate in refluxing diphenyl ether. The acids did smoothly 
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decarboxylate, however, by using the copper powder in 
quinoline method. The benzoxazole-derived ester 4b behaved 
differently upon treatment with base; 1 equiv of base resulted 
in cleavage of the amide bond and therefore ring opening to 
8 (Scheme 11) rather than hydrolysis of the ester. Attempts 
to obtain the tricyclic acid by ring closure of 8, by saponifi- 
cation with 2 equiv of base followed by ring closure, or by acid 
hydrolysis of the ester were unsuccessful. The acid was finally 
obtained by LiUpyridine cleavage of the methyl ester 9, which 
was made from dimethyl ethoxymethylenemalonate’ and 
2-aminobenzoxazole. Decarboxylation of the acid was then 
readily accomplished by heating it, in quinoline, in the pres- 
ence of copper powder. 

The ‘H NMR data for the decarboxylation products (Ta- 
bles I and 11) bear out the structure assignments of the pre- 
vious workers. First of all, it  should be noted that  the 
DEEM-derived decarboxylation products 5 are indeed dif- 
ferent from the DMAD-derived ones 6. Secondly, the relative 
chemical shifts of the C-6 proton absorbances should be noted. 
These chemical shifts can be assigned by considering that  
although within a series (e.g., 3a, 4a, 5a, and 6a) the C-9 and 
C-6 proton signals appear similar in multiplicity (each is a 
doublet of doublets with J values of -8 and 1-3 Hz), the C-9 
proton chemical shifts should be relatively invariant. The C-6 
proton, in contrast, is in a position to be affected by the 
proximity of the functionality a t  C-4, and some variation in 
its chemical shift within a series of compounds is therefore 
expected. Such a variation is in fact observed. Thus, within 
a series (where X = S, for example) a variation of as much as 
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Table I. 'H NMR Data for DMAD-Derived Products, 6 

comDd X R 3-H 4-H 6-H 7.8-H 9-H 

3a S COOCH3 6.67 1.31 7.4-7.5 8.05 
3b 0 COOCH3 6.75 7.77 7.4-7.5 7.81 
3c NCH:, COOCH3 6.59 7.7 7.3-7.5 7.7 
6a S H 6.33 8.85 8.0 7.5-7.6 8.0 
6b 0 H 6.33 8.73 7.95 7.5 7.75 
6c NCH3 H 6.13 8.61 7.89 7.3-7.4 7.58 

n - n  

Table 11. 'H NMR Data for DEEM-Derived Products, 6 
I 

compd X R 2-H 3-H 6-H 7,8-H 9-H 

4a S COOEt 8.61 
4b 0 COOEt 8.70 
4c NCH3 COOEt 8.73 
5a S H 8.07 
5b 0 H 8.06 
5c NCH? H 8.05 
8" 0 COOCH3 8.73 

a The spectrum was measured in CDC13. 

1.4 ppm is observed for the C-6 proton chemical shift, while 
the C-9 proton variation is only 0.15 ppm. 

As Table I indicates, the position of the C-6 proton ab- 
sorbance in the DMAD-derived products has shifted down- 
field after hydrolysis and decarboxylation, suggesting that the 
ester functionality was in a position to affect the C-6 proton 
chemical shift. This information supports the 2-oxo structural 
assignment 3. As expected, there is very little change in the 
C-6 proton chemical shift after hydrolysis and decarboxylation 
of the DEEM-derived esters 4, as shown in Table 11. Finally, 
the fact that  the DEEM-derived decarboxylation products 
show a downfield shift of the C-6 proton signal of about 0.3-1.0 
ppm compared to the isomeric DMAD-derived decarboxyla- 
tion products provides confirmation of the structure assign- 
ments without the potentially confusing influence of ester 
functionalities. 

To make this analysis more complete, however, we wanted 
to find a general method to prepare compounds of structure 
2 so that they and their decarboxylated derivatives would be 
available for comparison. Reaction of diethyl oxaloacetate 
with a 2-aminobenzazaole seemed to be a possible alternative 
procedure which might lead to structure Z8 However, we were 
unable to obtain any products from such a reaction, nor could 
we obtain a useful reaction between 2-aminobenzothiazole and 
dimethyl 2-metho~yfumarate.~ Since it has been reported that 
ethyl 3-aminocrotonate is superior to ethyl acetoacetate in 
similar condensation reactions with cyclic amidines,1° we 
thought that  the analogous reagent, dimethyl 2-aminofu- 
marate (DMAF), might be useful for our needs. DMAF is 
readily available by condensation of ammonia with dimethyl 
acetylenedicarbcbxylate.ll We soon found that  reaction of 
DMAF with 2-aniinolbenzothiazole, 2-aminobenzoxazole, and 
2-amino-1-methylbenzimidazole gives reasonable yields of 
new compounds which are isomeric with, but distinctly dif- 

8.98 7.6-7.7 8.15 
8.35 7.6 7.90 
8.56 7.5-7.7 7.80 

6.45 8.97 7.6 8.10 
6.39 8.28 7.5-7.6 7.81 
6.09 8.51 7.4-7.6 7.72 

7.5 r -  8.39 , . a  

ferent from, the esters obtained by reaction of the same ami- 
nobenzazoles with DMAD. 

These new esters, which were eventually assigned structure 
2, were obtained by heating the starting amine a t  about 160 
"C in the presence of -3 equiv of DMAF. After a workup 
which sometimes involved a rapid column chromatography, 
the esters were isolated in yields of 24, 49, and 46%, respec- 
tively, from amines la ,  lb, and IC.  In the case of Za, we were 
unable to increase the yield by variations of time, temperature, 
ratio of reagents, use of various solvents, and acid or base ca- 
talysis. A major byproduct was isolated from this reaction, 
which proved to be the amide derived presumably by 

10 

addition of DMAF and cyclization to the tricyclic ester 2a 
followed by reaction with unreacted starting amine to give the 
amide. This amide can theoretically be hydrolyzed to the 
corresponding acid, but several attempts to effect such a hy- 
drolysis were unsuccessful. 

Saponifications of 2 were readily accomplished by hydrol- 
ysis with an equivalent of base followed by acidification. The 
acids derived from 2-aminobenzothiazole and 2-amino-l- 
methylbenzimidazole were decarboxylated by thermolysis in 
diphenyl ether; the 4-oxopyrimido[2,1-b] benzoxazole-2-car- 
boxylic acid would not decarboxylate under these conditions, 
but did decarboxylate using the copper powder/quinoline 
method. 

The DMAF-derived decarboxylation products were iden- 
tical with the DEEM-derived decarboxylation products, as 
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Table 111. 'H NMR Data for DMAF-Derived Products, d 
I 

Wade, Hegel, and Toso 

comDd X R 2-H 3-H 6-H 7.8-H 9-H 

2a S COOCH3 
2b 0 COOCH3 
2c NCH3 COOCH3 
5a S H 8.07 
5b 0 H 8.06 
5c NCH3 H 8.02 

indicated by the infrared and 'H NMR spectral data,  as well 
as by the mixture melting points. The 'H NMR data show for 
each of the esters 2 (Table 111) a downfield shift of the C-6 
proton absorbance from the rest of the aromatic signals. The 
position of this downfield chemical shift does not appreciably 
change after decarboxylation, indicating that  the ester func- 
tionality is not, in a position to affect the C-6 proton and thus 
verifying the 4-oxo structure 2 assigned to the esters. Thus, 
all of the IH NMR data tie together nicely to substantiate the 
structural assignments. 

We specula1 e that the formation of 2 results from an initial 
enamine exchange reaction of the heterocyclic amine with 
DMAF,"j followed by ring closure onto the ring nitrogen. This 
reaction is thus in contrast to that with DMAD, which involves 
initial Michael condensation of the ring nitrogen, followed by 
ring closure with the free amine. The use of this DMAF reac- 
tion to prepare compounds of potential therapeutic use will 
be the subject of future reports from these laboratories. 

Experimental Section 

>felting points were ohtained with a Mel-Temp block or a Uni-melt 
apparatus and are uncorrected. The IR spectra were obtained, using 
Nujol mulls, on a Perkin-Elmer Infracord spectrophotometer. The 
' H  NMR spectra were measured in MegSO-de, unless otherwise 
stated, using a Varian XL-100 or T-60 spectrometer and are reported 
in parts per million (6)  downfield from tetramethylsilane. Micro- 
analyses were performed by J. H. Gagnon and co-workers in the 
Central Research Analytical Group, 3M Co. 

Methyl 4-Oxopyrimido[2,1- b]benzothiazole-2-carboxylate 
(2a). Portionwise addition of 2-aminobenzothiazole (15.0 g, 0.100 mol) 
to dimethyl 2-aniinofumarate (DMAF)' (45 g, 0.28 mol), while heating 
at 160 "C under a stream of nitrogen, was carried out over 10 min. 
Heating at  160 "C was continued for 3 h, and the mixture was allowed 
t o  cool and then suspended in 100 mL of methanol. The solid was 
filtered and suspended in 300 mL of chloroform. The resulting sus- 
pension was filtered to remove the amide byproduct lo.'* The filtrate 
was concentrated in vacuo: and the residue was chromatographed on 
P O 0  g of silica ge!, eluting with 1 L of'benzene and then 10% ethyl ac- 
etate in benzene. collecting 250-mL fractions. The bulk of the desired 
product was elui,ed in fractions 4-7, which were combined and con- 
centrated in vacun to 6.23 g (24%) of solid: mp 199-200 "C ( l i t3  mp 
202-204 " C ) ;  IR 5.70,5.88 pm. 

Anal. Calcd for C12HxN~03.S: C, 55.4; H, 3.1; N, 10.8. Found: C, 55.0; 
H ,  3.0: N, 10.8. 
Methyl 4-Oxopyrimido[2,1-b]benzoxazole-2-carboxylate (2b). 

A mixture of 2-aminoben~oxazole~~ (20.0 g, 0.149 mol) and DMAF 
( 7 0  g, 0.44 mol) was heated a t  160 "C under a stream of nitrogen for 
6 h. The mixture was coded and chromatographed on a Florisil col- 
umn, eluting first with chloroform and then 50% ethyl acetate in 
chloroform to ohtain 16.6 g (46%) of solid: mp 175-177 "C; IR 5.78, 
<5,.88 pm. 

Anal. Calcd fa-r C12HeN204: C, 59.0; H,  3.3; N, 11.5. Found: C, 58.8; 

Methyl l0-Methyl-4-oxopyrimido[2,l-b]benzimidazole-2- 
carboxylate (2c:). A mixture of 2-arnino-l-methylbenzimidaz0le~~~ 
(5.0 g, 0.034 mol) and DMAF (16 g, 0.10 mol) was heated a t  140 "C 
under a nitrogen stream for 2 h. The mixture was allowed to cool and 
suspended in 100 mL of methanol, and the solid was filtered to give 
4.26 g (49%) of 2c, mp 233-234 "C. An analytical sample was prepared 

6.93 8.92 7.6 8.12 
6.97 8.31 7.55-7.65 7.86 
6.65 8.52 7.6-7.7 7.76 
6.45 8.97 7.6 8.1 
6.39 8.28 7.5-7.6 7.81 
6.05 8.47 7.4- 7 .  d 7.65 

by recrystallization from ethanol/chloroform: rnp 24:<-2:14 " C :  IR 5.73, 
5.87 pm. 

Anal. Calcd for C13HllN303: C, 60.7; H, 4.3: K, 16.4. Found: C, 60.7; 
H, 4.3; N, 16.8. 
Methyl 2-Oxopyrimido[2,1-b]benzothiazole-4-carboxylate 

(3a). A mixture of 2-aminobenzothiazole (5.00 
methyl acetylenedicarboxylate (DMAD) (6.00 
mL of methanol was refluxed overnight. The reaction mixture was 
cooled to  precipitate a solid which was collected by filtration to yield 
5.74 g (56%) of 3a: mp 192-193 " C  (lit. mp 192-195.:' 203,? and 18:3-185 
O C 4 ) ;  IR 5.74. 6.00 pm. 

Anal. Calcd for C1gHsN20a.S: C, c55.4; H, :i.l , 10.8. Found: C .  5!5.4; 
H. 2.9; N. 10.8. 
Methyl 2-Oxopyrimido[2,1- b]benzoxazole-4-carboxylate (3b). 

Lrse of 2-aminobenzoxazole in the above procedure gave a 70% yield 
of3b: mp 202-204 "C (lit.* mp 207 " C ) ;  IR 

Anal. Calcd for C17HBN704: C, 59.1; H. 3. 
H. 3.2; N,  11.5. 
Methyl 10-Methyl-2-oxopyrimido[2,1-b]benzirnidazole-4- 

carboxylate (3c). Use of 2-amino-1-methylbenzimidazole in the 
above procedure gave a 66% yield of 3c: mp 247-248 " C ;  IR 5.72,6.08 
pm. 

Anal. Calcd for C13HllN30: C, 60.7; H, 4 , 16.3. Found: C,  60.4: 
H,  4.2; N, 16.4. 

Ethyl 4-Oxopyrimido[2,1- b]benzothiazole-3-carboxylate (4a). 
A mixture of 2-aminobenzothiazole (8.83 g. ,58.8 mmol) and diethyl 
ethoxymethylenemalonate (DEEM) (14.0 g. 64.8 mmol) in 150 mIJ 
of ethanol was refluxed overnight. The mixture was cooled, and the 
solid was collected by filtration to yield 15.7 g (83%) of the interme- 
diate diester, mp 103.5-105.5 " C  (lit.2 mp 109 " C ) .  This diester (15.0 
g, 46.9 mmol) in 250 mL of diphenyl ether was heated at  250 " C  in an 
open flask for 90 min. The reaction mixture was allowed to cool, di- 
luted with 750 mL of hexane, and cooled overnight to precipitate a 
solid. Collection by filtration and recrystallization (charcoal) from 
DMF gave 5.56 g (43%; 36% overall) of 4a: mp 140-14:1 "C (lit. mp 147,2 
142-143,' and 136-138 O c a ) ;  IR 5.78, 5.90 p 

Anal. Calcd for C13H10Ng03.S: C, 56.9: H .i: N. 10.2. Found: C,  
56.7; H, 3.6; N, 10.2. 
Ethyl 4-Oxopyrimido[2,1- b]benzoxazole-3-carboxylate (4b). 

Use of 2-aminobenzoxazole in the above procedure gave first the in- 
termediate diester (after 3 days reflux) in 79% yield, mp 105-107 " C  
( l k 2  mp 105-107 " C ) .  Cyclization of this diester in diphenyl ether as 
above gave an 82% yield (65% overall) of 4b: mp 151-153 "C (ethanol) 
(lib2 mp 158 "C); IR 5.80 pm. 

Anal. Calcd for C1:jH10N204: C, 60.5; H, 3.9 , 10.9. Found: C, 60.4: 
H, 3.9; N, 10.9. 
Ethyl l0-Methyl-4-oxopyrimido[2,1-b]benzimidazole-3- 

carboxylate (4c). A mixture of 2-amino-I-methylbenzimidazole (3.00 
g, 20.4 mmol) and DEEM (4.50 g, 20.8 mmol) in 50 mL of methanol 
was refluxed for 15 min. The reaction mixture was cooled, and the 
solid was collected by filtration to yield 3.50 g (6:3%) of' the cyclized 
product 4c: mp 189-190 "C; IR 5.71,6.00 pm. 

Anal. Calcd for C14H13N303: C, 62.0; H, 4.8; N, 15.5. Found: C, 61.7; 
H,  4.7; N, 15.8, 
4-Oxopyrimido[2,1-b]benzothiazole (5a). From D E E M - D e -  

rived Ester 4a. A mixture of 4a (9.00 g, 32.8 mmol) and NaOH (1.4 
g, 35 mmol) in 800 mL of water was warmed at 60 " C  overnight. The 
reaction mixture was filtered, and the filtrate was acidified with 
concentrated HCI to precipitate a white solid which was collected by 
filtration, washed with water, and dried to yield 4.95 g (61%) of 4- 
oxopyrimido[2,1-b] benzothiazole-3-carhoxylic acid: mp 230-232 " C  
dec: IR 5.70, 6.04 pm. 
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This acid (1.53 j:, 6.22 mmol) was taken up in 25 mL of quinoline, 
-0.5 g of copper powder was added, and the mixture was heated a t  
200 "C for 45 min. The hot mixture was filtered to remove the copper, 
and the quinoline was removed by distillation a t  reduced pressure. 
The residue was suspended in 150 mL of hot benzene and filtered to 
remove insoluble material. The hot filtrate was treated with charcoal, 
filtered, and concentrated in vacuo. The residue was recrystallized 
(charcoaled) from benzene to give 0.23 g (18%) of 5a: mp 163-164 "C 
(1it.l mp 168 "C); IR 5.90 pm. 

Anal. Calcd for ( Z ~ O H ~ N ~ O S :  C, 59.4; H, 3.0; N, 13.9. Found: C, 59.6; 
H, 2.9; N, 13.8. 
From DMAF-Derived Ester 2a. A mixture of 2a (1.30 g, 5.00 

.mmol) and NaOH (0.30 g, 7.5 mmol) in 70 mL of water was heated at  
70 "C overnight, by which time all solids had dissolved. The solution 
was cooled and acidified with concentrated HC1 to precipitate a solid 
which was collected by filtration, washed with water, and dried to give 
0.69 g (56%) of 4-oxopyrimido[2,1-b]benzothiazole-2-carboxylic acid: 
mp 261-263 "C dec; IR 5.74 (sh), 5.87 pm. 

This acid (0.63 g, 2.54 mmol) was refluxed in 15 mL of diphenyl 
ether for 45 min. The reaction mixture was cooled, diluted to 50 mL 
with hexane, and cooled in an ice bath to precipitate a solid which was 
collected by filtration and recrystallized (charcoaled) from benzene 
to give 0.16 g (31%) of 5a: mp 160-162 "C; mixture melting point with 
the product obtained from 4a, 161-163 "C; IR 5.92 pm. The 'H NMR 
data (Tables I1 and 111) also indicate that the two compounds are 
identical. 
4-Oxopyrimido[2,1- b]benzoxazole (5b). From Dimethyl 

Ethoxymethylenemalonate-Derived Ester 9. A mixture of 9 (5.0 
g, 21 mmol) and LiI (7.0 g, 52 mmol) in 20 mL of pyridine was refluxed 
under a nitrogen atmosphere overnight. The reaction mixture was 
concentrated in vacuo, and the residue was dissolved in 300 mL of 
water. This solution was acidified with concentrated HC1 to precipi- 
tate a solid which was collected by filtration, washed with water, and 
dried to give 1.5 g (32%) of 4-oxopyrimido[2,1-b]benzoxazole-3-car- 
boxylic acid: mp 268-270 "C dec; IR 5.75,6.00, 6.12 (sh) pm. 

A mixture of this acid (1.03 g, 4.48 mmol) and -0.2 g of copper 
powder in 25 mL of quinoline was heated a t  200 "C for 1 h and then 
cooled and filtered to remove the copper. The quinoline was removed 
by distillation a t  reduced pressure, and the residue was taken up in 
100 mL of hot benzene and filtered to remove insoluble mat,erial. The 
filtrate was concentrated in vacuo. The residue was triturated with 
ether and the solid was collected by filtration to give 0.17 g (20%) of 
5b. Recrystallization (charcoal) from benzeneihexane gave an ana- 
lytical sample: mp 150-151 "C; IR 5.85,6.10,6.23 pm. 

Anal. Calcd for ClOH6NzOz: C, 64.5; H, 3.2; N, 15.1. Found: C, 64.4; 
H, 3.0; N, 15.0. 
From DMAF-Derived Ester 2b. A mixture of 2b (3.50 g, 14.4 

mmol) and NaOH (0.65 g, 16 mmol) in 100 mL of water was warmed 
to 70 "C, by which time all of the solids had dissolved. The mixture 
was allowed to come to room temperature and filtered; the filtrate was 
cooled and acidified with concentrated HCI to precipitate a solid 
which was collected by filtration, washed with water, and dried to give 
2.15 g (65%) of 4-oxopyrimido[2,1-b] benzoxazole-2-carboxylic acid: 
mp 280-281 "C dcc; IR 5.64, 5.93, 6.05 (sh), 6.20 pm. 

A mixture of this acid (1.13 g, 4.90 mmol) and -0.5 g of copper 
powder in 25 mL of quinoline was heated to 190 "C and maintained 
at this temperature for 45 min. The hot mixture was filtered to remove 
the copper, and the filtrate was concentrated by removal of the 
quinoline by distillation a t  reduced pressure. The residue was taken 
up in 150 mL of hot chloroform, treated with charcoal, and filtered. 
The filtrate was concentrated in vacuo. The residue was recrystallized 
(charcoaled) from benzene/hexane to give 0.07 g (8%) of 5b: mp 
148.5-150 "C; mixture melting point with the material obtained from 
9, 148.5-150 "C; IR 5.85; 6.10,6.23 pm. The 'H NMR data (Tables I1 
and 111) also indicate that  the two compounds are identical. 

l0-Methyl-4-oxopyrimido[2,1-b]benzimidazole (5c). From 
DEEM-Derived Ester 4c. Use of 4c in the procedure described 
above t o  prepare 5a from 4a gave first a 93% yield of lO-methyl-4- 
oxopyrimido[2,1-b] benzimidazole-3-carboxylic acid: mp 345-348 "C 
dec; IR 5.80, 6.05, 6.30 pm. From this acid, using the Cu/quinoline 
procedure, was obtained a 52% yield of 5c: mp 188-189 "C; IR 5.87, 
6.14 (sh), 6.25 pm.  

Anal. Calcd for CllH&O: C, 66.4; H, 4.5; N, 21.1. Found: C, 66.2; 
H, 4.5; N, 20.9. 
From DMAF-Derived Ester 2c. Use of 2c in the procedure de- 

scribed above to prepare 5a from 2a gave first in 78% yield, 10- 
methyl-4-oxopyrimido[2,l-~]benzimidazole-2-carboxylic acid: mp 
274-275 "C dec; IR 5.80,6.00 pm. From this acid, using the diphenyl 
ether procedure, was obtained a 24% yield of 5c: mp 187-188 "C 
(benzene/hexane); mixture melting point with the product obtained 

from 4c, 187-189 "C; IR 5.87,6.14 (sh), 6.25 pm. The 'H NMR data 
(Tables I1 and 111) also indicate that these compounds are iden- 
tical. 
2-Oxopyrimido[2,1-b]benzothiazole (6a). A mixture of the ester 

3a (5.00 g, 19.2 mmol) in 200 mL of 1% NaOH solution was refluxed 
for 20 min. The solution was cooled and poured into 50 mL of 10% 
HC1, and the mixture was boiled for 15 min. The solid was collected 
by filtration, washed with water, and dried to give 4.53 g (96%) of 2- 
oxopyrimido[2,l-b]benzothiazole-4-carboxylic acid: mp 197-198 "C 
dec; IR 5.85,6.01,6.20, 6.38 pm. 

The acid (1.35 g, 5.48 mmol), in 30 mL of diphenyl ether, was heated 
to 250 "C and then allowed to cool to  precipitate a solid. The mixture 
was diluted with ether, and the solid was collected by filtration and 
recrystallized (charcoaled) from DMF to yield 0.51 g (46%) of 6a: mp 
277-278 "C (l i t1 mp 272-275 "C); IR 6.10, 6.13 (sh), 6.22 (sh), 6.32 
pm. 

Anal. Calcd for CloHsN20S: C, 59.4; H, 3.0; N. 13.9. Found: C, 59.1; 
H, 2.9; N, 13.9. 
2-Oxopyrimido[2,1-b]benzoxazole (6b). A mixture of the ester 

3b (13.0 g, 53.2 mmol) and NaOH (2.4 g, 60 mmol) in 250 mL of water 
was warmed at  70 "C for 1 h, during which time all of the solids dis- 
solved. The solution was acidified with concentrated HCI(5 mL) to 
precipitate a solid which was collected by filtration, washed with 
water, and dried to give 7.28 g (60%) of 2-oxopyrimido[2,1-b]ben- 
zoxazole-4-carboxylic acid: mp 347-349 "C dec; IK 5.80.6.02,6.10,6.20 
pm. 

This acid (4.00 g, 17.4 mmol), in 50 mL of diphenyl ether, was re- 
fluxed for 30 min, and the solution was allowed to cool and diluted 
with 300 mL of hexane. The resulting solid was collected by filtration 
and recrystallized (charcoaled) from ethanol to give 2.77 g (86%) of 
6b: mp 250-252 "C; IR 5.93, 6.00 (sh), 6.04,6.12 pm. 

Anal. Calcd for C10HsN202: C, 64.6; H, 3.3; N. 15.1. Found: C, 64.2; 
H, 3.2; N, 15.1. 

10-Methyl-2-oxopyrimido[2,1- b]benzimidazole (6c). Use of the 
above base hydrolysis procedure was applied with ester 3c to give a 
78% yield of 10-methy1-2-oxopyrimido[2,1-b] benzimidazole-4-car- 
boxylic acid: mp 247-248 "C dec; IK 5.76, 6.05 pm. 

A mixture of this acid (3.16 g, 13.0 mmol) and -0.5 g of copper 
powder in 25 mL of quinoline was heated up to 170 "C, filtered while 
hot to remove the copper powder, and then allowed to cool to room 
temperature. The mixture was diluted with ether to precipitate a solid 
which was collected by filtration, washed with ether, and recrystallized 
(charcoaled) from ethanol to give 1.40 g (54%) of 6c: mp 257-258 "C; 
IR 6.00,6.11, 6.20 pm. 

Anal. Calcd for CllH9N30: C, 66.3; H. 4.6; N, 21.1. Found: C, 65.8; 
H, 4.9; N, 21.3. 
2-(2-Carbethoxy-2-carboxyethyleneimino)benzoxazole (8). 

A mixture of the ester 4b (11.0 g, 42.7 mmol) and NaOH (1.9 g, 48 
mmol) in 350 mL of water was warmed at  -50 "C until solution was 
complete (-90 min). The solution was acidified with concentrated 
HCl (5 mL) and cooled to precipitate a solid which was collected by 
filtration, washed with water, and dried to give 8.09 g (69%) of 8: mp 
241-242.5 "C; IR 5.70,5.85,6.00,6.13,6.22 pm; 'H NMR 6 8.20 (s, l), 
7.4-6.7 (m, 4), 4.17 (q, 2,J = 7 Hz), 1.23 (t, 3, J = 7 Hz). 

Anal. Calcd for C13H12N205: C, 56.5; H, 4.4; N, 10.1. Found: C, 56.0; 
H, 4.4; N, 10.2. 
Methyl 4-Oxopyrimido[2,1- b]benzoxazole-3-carboxylate (9). 

A mixture of 2-aminobenzoxazole (28.6 g, 0.152 mol) and dimethyl 
etho~ymethylenemalonate~ (20 g, 0.15 mol) in 300 mL of ethanol was 
refluxed for 28 h and then cooled to  precipitate a solid which was 
collected by filtration to give 18.8 g (45%) of the intermediate diester 
2-[2,2-bis(carbomethoxy)ethyleneimino]benzoxazole: mp 118-120 
"C; IR 5.75,6.00, 6.10,6.20, 6.31 pm; lH NMR (CDC13) 6 11.2 (s, I), 
8.72 (s, 11, 7.7-7.2 (m, 4), 3.87 (s, 3), 3.80 (s, 3). 

This diester (18.8 g, 68.1 mmol), in 200 mL of Dowtherm A, was 
refluxed under a Dean-Stark trap for 4 h, collecting the methanol as 
it boiled out of the reaction vessel. The mixture was allowed to cool 
and diluted with 750 mL of hexane to  precipitate a solid which was 
collected by filtration to  yield 15.0 g (90%) of 9: mp 165-167 "C (eth- 
anol); IR 5.80 pm; 'H NMR (CDCI3) d 8.73 (s, I), 8.39 (m, 11, 7.6-7.2 
(m,  3), 3.97 (s, 3). 
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The reaction of dimethyl acetylenedicarboxylate (DMAD) with 2H-benzimidazole-2-thione in methanol has 
been investigated. When run for prolonged reaction times, the exclusive product of this reaction, in high yield, is 
methyl 4-oxo-4H-[1,3]thiazino[3,2-a] benzimidazole-2-carboxylate. This is also the exclusive product after short 
reaction times in the presence of a catalytic amount of sodium methoxide. The structure of the product was con- 
firmed by its hydrolysis and decarboxylation to the same product obtained from the reaction of ethyl propiolate 
with 2H-benzimidazole-2-thione. When reactions with DMAD are run for shorter periods of time in methanol, 
without added base, mixtures of three products can be obtained. Each of these compounds was isolated and charac- 
terized. One of them, 2-(carbomethoxymethylene)-3-oxo-2H,3H-thiazolo[3,2-a]benzimidazole, rearranges in meth- 
anol to  the isomeric thiazinone, and this rearrangement can be catalyzed by methanolic sodium methoxide. 

In the course of a medicinal chemical project in our labo- 
ratories, I became interested in the reaction of dimethyl 
acetylenedicarboxylate (DMAD) with 2H-benzimidazole- 
Zthione. A recent report by McKillop et  a1.l prompts this 
report since my results differ significantly from those which 
they have described. 

An earlier report by Grinblat and Postovskii indicated that 
the reaction of DMAD with 2H-benzimidazole-2-thione (1) 
in glacial acetic acid yields the thiazolidinone 3, mp 190-192 

H 
I 

Oh*S \ N  

I 
H 
1 

+ DMAD 

O C 2  Theoretically, several other products of such a reaction 
are possible, perhaps the most notable possibility being the 
thiazinone 4, which might be formed from the presumed in- 
termediate Michael adduct 2 by reaction of the ring nitrogen 
with the other ester functionality (see Scheme I). I t  seemed 
possible that the Russian workers might have actually isolated 
4 instead of 3. The relevant literature, although somewhat 
confusing, seems to bear out their structural assignment, 
however. Thus, the reaction of DMAD with N,N'-disubsti- 

Scheme I 

~ N ~ w C o O C H >  - - I ,COOCH, 
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