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3, 5-Dibromocomanic  acid (3,  5 - d i b r o m o 7 - p y r o n e - 2 - c a r b o x y l i c  ac id )VI  and its ethyl ester, hitherto 
not described in the l i terature,  are synthesized by the following route: diethyl  ace tonedioxala te  (I) -,- d i -  
ethyl d ibromochel idonate  (III) ~ (mono) ethyl d ibromochel idonate  (IV) -,- diethyl  3, 5 -d ibromocomanate  
(V) - ,-VI.  Direct brominat ion of diethyl  bromochel idonate  gives the ester III.  6-Bromocomenic acid and 
its ethyl ester are prepared,  as well  as 2-bromo-3-hydroxy--y-pyrone .  Bromocomanic acid (x -b romo-  7 - 
pyrone-2-carboxyl ic  acid) XVI is synthesized by the following route: I ~ (mono) ethyl chel idonate  
ethyl comanate  --~ comanic  acid XVI. Oxonium salts are obtained:  acid sulfates of comanic  acid and 
ethyl comana te .  

Only a few monocyct ic  bromo-T -pyrones are known, on account of the diff icul ty of effecting direct  ha logenat ion 
of this he te rocyc l ic  ring system. Thus various reagents have been used in an unsuccessful a t tempt  to brominate  c h e l i -  
donic acid [2]. However, it proved possible to obtain mixed diethyl  b romo-  and dibromochel idonates  by brominat ing 
diethyl  ace tonedioxa la te  I under drastic conditions, i . e . ,  to effect simultaneous halogenat ion and cyc l iza t ion  [2, 3, 4]. 

By brominat ing the ester I we obtained diethyl  bromochel idonate  ( I I ) ( f r ee  from diethyl  d ibromochel idonate  III),  or only 
the ester III [5]. To obtain the mono-  and dibromochel idonic  acids from the corresponding ethyl ethers, the la t ter  were 
hydrolyzed with a lkal i ,  or, more ef fec t ive ly ,  the acid sulfates of those esters submitted to acid hydrolysis in concent ra t -  
ed H2so 4 solution [5, 6]. We real ized one-s tage acid hydrolysis and decarboxytat ion of the acid sulfate of ester II to 
5 -bromocomanic  acid [5]. 

In the present work an unsuccessful a t tempt  was made to effect simultaneous hydrolysis and decarboxyla t ion  of 
the acid sulfate of ester III to the hitherto undescribed 3, 5 -d ibromocomanic  acid VI. Having extended acid hydrolysis 
to the acid sulfates of esters III and V, by ut i l iz ing this in conjunction with the smooth decarboxyla t ion of (mono)e thy l  
d ibromochel idonate  (IV) which takes place on dry dis t i l la t ion,  we were able to synthesize VI by the following route:  
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We did not succeed in effect ing direct  brominat ion of chel idonic  acid with dioxane bromide [7], but the la t ter  
halogenated ester II to ester III in 50% yie ld .  As ester III is obtained in the same yield by direct  brominat ion of ester I ,  

the method is of no preparat ive interest .  Extension of the method to ethyl  comenate  and 3-hydroxy--y-pyrone VIII gave 
low yields of the corresponding bromine substitution products, and s imilar  results were obtained on brominat ing the 
oxonium salts of the acid sulfates of pyrones VII, VIII, and of comenic  acid IX in concentrated sulfuric acid solution. 
However, brominat ing the acid sulfate of acid IX dissolved in mixed concentrated sulfuric a c i d - g l a c i a l  ace t ic  acid 

secured a 60~ yield of 6-brom0comenic  acid X. 

It is more effect ive to add bromine,  or a solution of bromine in 85~ acet ic  acid,  to the y -pyrone der ivat ive dis-  
solved in 50% (aqueous) dioxane held at 0 ~ C, formation of oxonium salts with y -pyrone  derivat ives,  and their  
perbromides,  being excluded~ Thus meconic  acid and ester VII gave respect ively 85% and 76% yields of acid X and 
ethyl 6 -bromomecona te ,  (XI), this la t ter  ester being obtained in almost the same yield by brominat ing ester VII dis-  

solved in mixed ch loroform-glac ia l  ace t ic  acid,  a less convenient  method.  

Halogenat ion of VII in aqueous dioxane gave 2 -b romo-3 -hyd roxy -y -py rone  (XII) in yield as high as that  obtained 

by brominating using the best variant  of method [8], i . e . ,  using a buffered mixture .  In our view, the authors started 

* For Part VII [1]. 
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with the oxonium salt of the acid orthophosphate of pyrone VIII but during react ion,  due to addit ion of a solution of 
bromine in 85% acet ic  acid and excess sodium ace ta te ,  the oxonium salt decomposed.  Repetition of the work of the 
authors [8] showed that the 84% yield of pyrone which they indicated was for the product untreated with sodium bicarbon-  
a te .  With bicarbonate t reatment  it is 65%, i . e . ,  the same as when using aqueous dioxane.  Comanic  acid XV was 
halogenated in aqueous dioxane; our synthetic route to that acid was: ester I ---* (mono) ethyl chel idonate  (XIII) ~ ethyl 
comanate  XIV ~ X V .  The acid sulfate of ethyl comanate (XVII ) ,  prepared from XIV by the method of [4], was hy -  
drolyzed with concentrated sulfuric acid; the acid sulfate of comanic  acid XVIII was prepared s imi lar ly .  The preparation 
of acid XVI by direct brominat ion of acid XV shows that a genera l iza t ion which has been made  by some authors [2] 
does nor extend to i t .  We have not established the position of the bromine in XVI. Despite a published Opinion to the 
contrary [9], copper powder can be successfully used as a catalyst  for decarboxylat ing ester XIII. 
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Experimental  

Diethyl d ibromochel idonate  (8,  5 - d i b r o m o ~ - p y r o n e - 2 ,  6 -d ica rboxy la te ) ( I I I ) .  A solution of 1 .6  g (0.005 mole)  II 
in 10 ml dioxane was heated on a boil ing water bath, and 2 .4  g (0 .015 mole)  bromine in 6 ml dioxane added dropwise 
over 1.5 hr. Then the dioxane was dist i l led off under reduced pressure, at room temperature ,  to leave a syrup, water 

added, and the precipi ta te  f i l tered off and washed with water.  Mass 1 g, y ie ld  50%, mp 122 ~  ~ C (EtOI-1) [4, 5]. 

Ethyl 3, 5-d ibromocomanate  (eth71 3, 5 -d ibromo-  7 -py rone -2 -ca rboxy la t e ) (V) .  A flask fi t ted with a thermometer  
had sealed into it, low down, a wide-necked exit  tube, to which was connected a wide tube,  the other end of the 
la t ter  going to a water pump, and 5.7 g ester IV was placed in the flask. On heat ing at 225~ ~ C (inside flask) for 
80 min,  vacuum 5-10 mm, an oily d is t i l la te  separated and gradual ly  solidified.  Yield 4 .0  g (80%), mp 114 ~ ~ C 
(EtOH). The compound was readi ly  soluble in CHC1 s, Et~O, dioxane,  benzene,  sl ightly soluble in water.  Found; 
C 29.00; H 1.80; Br 48.60%. Calcula ted for CsH6Br204: C 29. 441 H 1. 841 Br 49.08%. 

8, 5-Dibromocomanic  acid (3,  5-dibromo- 7 -pyrone-2-carboxyl ic  acid) (VI). A solution of 4 g ester V and 8 ml 

HIS04 (d 1.84) was stirred and heated for 5 hr at 100 ~ C, then the products decomposed with ice .  Next day the p rec ip i -  
tate was f i l tered off, washed with water,  then with CHC18. Yield:  2 .7  g (75%), mp 219 ~ ~ C (EtOH). Readily 
soluble in EtOH, and dioxane,  less soluble in boil ing water.  Found; C 28.701 H 1.001 Br 54.04%. Equiv. 296. C a l -  

culated for C6H2BrIO4, C 24.161 H 0.67; Br 53.69%. Equiv. 298. 

6"Bromocomenic acid (5 -hydroxy-6 -b romo-  ~ -pyrone-2-ca rboxy l i c  acid) (X). a) A solution of 12.5 g (0.08 mole)  

dry comenic  acid  of the highest purity [10] in 38 ml  H2SO 4 (d 1.84) was prepared by heat ing the mixture  on a boiling 
water bath, after which it was cooled to 60 ~ C, 60 ml  g lac ia l  AeOH added, followed by 14.0 g (0.088 mole) Br 2 in 
30 ml  g lac ia l  AcOH plus 10 ml  CHC13 added at a uniform rate over 6 hr to the mixture held at 30 ~ C. Excess solvent 
was dist i l led off under reduced pressure at 85 ~  ~ C, the residue decomposed with ice ,  the prec ip i ta te  f i l tered off 
next day, washed with ice water,  dissolved in cold water plus 10% Na2CO 3 solution (bromothymol blue), the solution 

acidif ied with HC1 (1 : 1), the the prec ip i ta te  f i l tered off. Yield 18.6 g (60%), mp 190 ~ C (ex H20 ) [11]. The c o m -  

pound gave a red color with 1% aqueous FeC13 . 

b) 40 g ( 0 . 2  mole)  maximum purity dry meconic  acid [12] was dissolved in 80 ml 50% aqueous dioxane,  and 
48 g (0 .8  mole)  Br2 added dropwise over 3 hr to the solution held at 15 ~ C, stirring continued for 2 hr more,  the solvent 
dist i l led off under reduced pressure at 80 ~ C, the solid f i l tered off, washed with water,  and purified as i n ( a ) .  Yield 
40.0  g (85%). Found: equiv. (using methyl  red) 237. Calcula ted  for C6HaBrOs: equiv.  235.  

Ethyl 6-bromocomenate  (e thyl  5 -hydroxy-6-bromo-~ ' -pyrone-2-carboxyla te )  (XI) .  a) 15.6 g (0.1 mole)  ester 
VII (rap 126 ~ C), dissolved in 240 ml  CHC1 s plus 16 ml  g lac ia l  AcOH was held at 30~ C, and a solution of 16.0 g 

(0.1 mole) Br 2 in 18 ml  CHC13 added over 5 hr. The solvent was dist i l led off under reduced pressure at 40 ~ C, the solid 
separated off, and washed with water,  yield 19 g (80%), mp 142 ~ C (CHCls) [11]. The compound gave a red color 

with 1% aqueous FeC13. 
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b) 1 .84 g (0 .01 mole)  ester VII was dissolved in 30 ml 50% aqueous dioxane,  and 2 .4  g (0 .015 mole)  Br 2 
in 4 ml 85% AcOH added with stirring over 2 hr. The solvents were then dist i l led off under reduced pressure. The solid 
was then separated off, washed with water ,  recrysta l l ized from 50% EtOH with the addit ion of Na2CO s (bromothymol  
blue) followed by ac id i f ica t ion  with HC1. Yield 2 .0  g (76%).  Identif ied by mixed mp. 

2 -8romo-3-hydroxy-?  -prone. 1.12 g (0 .01  mole)  VIII was dissolved in 11 ml 50% aqueous dioxane,  and held at 
0 ~ 2 .4  g (0 .015 mole )Br  2 in 1 .0  ml 85% AcOH containing 1.2  g fused NaOAc, added over a period of 2 .5  hr, the 
react ion products t reated with 1% aqueous NaHCO s, and the solvent then dist i l led off under reduced pressure. The solid 
was separated off and washed with water, yield 1 .24  g ( 6 5 % ) ,  mp 182" C (decomp)  [8]. It gave a red color with 1% 
aqueous FeC1 s, and a reddish violet  color with an ethanol ic  solution of FeC13. 

Ethyl comanate  (e thyl - ) , -p}l rone-2-carboxyla te)  (XIV). The starting monoethyl  ester of chel idonic  acid XIII was 
prepared as described in [9]. In the flask of the apparatus (see  synthesis of ester VII) was put a dry mixture of 20 g XIII 
and 2.5  Cu powder, which was then heated for 2 hr in a meta l  bath,  a cut bp 220 ~ ~ C ( 5 -10  mm) being taken,  
and crystal l ized from 50~ EtOH. Yield 6.8 g (60%), mp 102 ~ C [9, 13]. 

The acid sulfate of ethyl comanate  XVII was prepared from a solution of 0.84 g ester XIV in 15~ml benzene ,  

0.28 ml H2SO 4 (d 1.84) being added, and the whole heated and boi led to give a viscous transparent mass. The products 
were kept under pe t ro l  ether for 1.5 months in a refrigerator,  the petrol ether being decanted off from t ime  to t ime ,  

and the white solid precipi ta te  formed was separated and worked up as described in [5]. The salt was highly hygroscopic 
Yield 1 .0  g (80%). Found: equiv.  260. Calcula ted  for CsHgO4H2804: equiv.  266. 

Comanic  acid (7 -pyrone-2-carboxyl ic  ac id ) (XV) .  A solution of 8 .0  g XIV in 12 ml H2SO 4 (d 1.84) was heated 

for 4 hr on a boil ing water bath, the react ion products then decomposed with ice,  and the solid recrysta l l ized from 
E t OH-d ioxane (1 :1 ) ,  yield 4 .1  g (63%), mp 250 ~ C (water)  [13]. The compound was soluble in boil ing EtOH and 
dioxane,  sl ightly soluble in cold water.  Found: equiv. 138. Calcula ted  for C6H404: equiv. 140. 

Acid sulfate of comanic  acid (XVIII).  A solution of 1 .4  g XV in 2 .1  ml HzSO 4 (d 1.84) was heated at 120 ~ C. 
The white precipi ta te  was separated after keeping the react ion products under petrol ether in a refrigerator for 3 days, 
after which it was worked up as described in [5]. Yield 0.9 g (85%).  Found: equiv.  236. Calcula ted  for C6H404H2SO4 = 

equiv. 238. 

Brominated acid (x -b romo-  7 -pyrone-2-carboxyl ic  ac id) (XVI) .  2.8 g (0 .02  mole)  XV was dissolved in 56 ml 
50% dioxane,  held at 60 ~ C (bath)  and 3 .2  g (0 .02  mole )Br  2 in 5 ml  AcOH added over 6 hr. Excess solvent was then 
dist i l led off under reduced pressure, at room temperature ,  the solid separated off next day,  and washed with water.  
Yield 1 .3  g (30%), mp 230 ~ C (decomp,  50% gtOH). Found: C 32.60; H 1.65; Br 35.80%. Equiv. 217. Calcula ted  

for C6H3BrO4: C 32.87; H 1.36; Br 36.53%. Equiv. 219. 
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