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LXXVIII.-The Action of Alkaline Arsenites on Some 
Halogenated Organic Compomds. 

By ISIDOXE ELKANAH BALABAX. 

IT is well known that sulphonic acids, both aliphatic and aromatic, 
may be obtained by tire action of alkali sulphites on some halogen- 
ated organic compounds. In  view of the chemotherapeutic import- 
ance of arsinic acids, it was thought worth while to investigate the 
action of alkali arsenites on a series of halogenated organic com- 
pounds of varying degrees of reactivity, in order, if possible, to 
delimit the appkability of the method. lleyer (Ber., 1883, 16, 
1440) first employed the method to prepare methyl- and ethyl- 
arsinic acids, and it was extended to n-propyl-, isoamyl-, and benzyl- 
arsinic acids by Dehn and McGrath (J .  Amer. Chem. Soc., 1906, 28, 
351). Quick and Adams (ibid., 1922,44, 809) applied it successfully 
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to butyl bromide and ally1 bromide, whilst Palmer (ibid., 1923, 45, 
3023) applied it to  chloroacetic acid. I n  the aromatic series, 
Rosenmund (Ber., 1921,54, 438) obtained o-benzarsinic acid by the 
action of potassium arsenite on 0- bromobenzoic acid. 

Two glyoxaline derivatives have now been examined containing 
highly reactive halogen atoms , 4( 5)  -methyl-S(4)-chloromethyl- 
glyoxaline (I) and 5-chloro-1-methyl-2-chloromethylglyoxaline (11), 
but only the corresponding alcohols could be isolated in poor yield. 

A less reactive glyoxaline compound, 5-chloro-4-nitro-1-methyl- 
glyoxaline (111), which had previously been shown to give a sulph- 
onic acid (Balaban and Pyman, J., 1924, 125,1564),  when heated 
with potassium arsenite in absolute alcohol gave 4-nitro-5-hydroxy- 
1-meth ylglyoxaline (IV), a very unstable nitroamide resembling in 
general properties the nitroacetone and nitroacetophenone of 
Lucas (Bey.,  1899,32, 600) and Henry (ibid., 1899,32, 865). 

The nitroamide is, however, stable as its potassium and sodium salts. 
2 : 4-Dinitrobromobenzene, which resembles the foregoing in con- 
taining a halogen atom activated by il nitro-group, yielded 2 : 4- 
dinitrophenol, whereas by the action of sodium sulphite in aqueous 
alcoholic solution it is known to yield 1 : 3-dinitrobenzene-4-sulph- 
onic acid (D.R.-P. 65240). When 8-chlorocaffeine is heated with 
potassium arsenite in alcohol a t  140-180", a mixture of 8-hydroxy- 
and 8-ethoxy-caffeine is obtained. Under somewhat parallel con- 
ditions (D.R.-P. 74045), 8-chlorocaffeine is known to yield a sulph- 
onic acid when treated with aqueous sodium sulphite. I n  the 
foregoing cases where reaction had taken place, the halogen atom 
was replaced by hydroxyl or ethoxyl. An unexpected result was, 
however, obtained on examining the action of alkali arsenite on 
phthalbromomethylimide in acetone solution, as ethylenediphthal- 
imide was isolated. 

When it was boiled with 20% aqueous sodium sulphite, phthulimido- 
methanesulphonic acid was obtained in a yield of 13.2% of the 
theoretical, the main product being phthalic acid (yield 62y0) ,  
together with a small amount of phthalimide. An attempt to  
hydrolyse the sulphonic acid to  the unknown aminomethanesulphonic 
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acid proved unsuccessful. DelBpine and Demars also failed to 
obtain this compound by the action of ammonia on chloromethane- 
sulphonic acid (Bull. Soc. Phurmcol., 1922, 29, 14). 

In none of the above cases, although special search was made, was 
any organic arsinic acid found. If this result be contrasted with the 
much moregeneral formation of sulphonic acids by the action of alkali 
sulphite, one is compelled to attribute it to the difference in alkalinity 
of sulphite an13 arsenite. 

E X P E R I M E N T A L .  
The action of alkali arsenites was examined on the following 

halogenated organic compounds : 4(~)-~ethy l -5(4) -chlorometmyl -  
glyoxaline (I). To a mechanically stirred solution of potassium 
arsenite (24 g. ; 10 mols.) in water (30 c.c.) below O", 4(5)-methyl- 
5 (4) -chloromethylglyoxaline hydrochloride (2 g . ) in absolute 
alcohol (50 c.c.) was run in during 4 hour. After removal of much 
arsenic trioxide the mother-liquor mas evaporated to  dryness in a 
vacuum, the residue extracted with absolute alcohol, and the extract 
added to aqueous picric acid ; 4(5)-methyl-5(4)-hydroxymethyl- 
glyoxaline picrate (1.1 g. ; yield, 27.6%) was the sole product 
obtained. It melted at lSO", alone or mixed with an authentic 
specimen. 

The experiment was repeated in absolute alcohol, but no definite 
organic products could be isolated. 

5-Chloro-1-methyl-2-chloromethylglyoxaline (11), treated as in the 
above two experiments, yielded 5-chloro-1-methyl-2-hydroxpethyl- 
glyoxaline picrate (3 g. ;  yield, say0), m. p. 148-149", and 0.8 g., 
m. p. 148", respectively, but no trace of other organic material. 

5-Chloro-4-nitro- l-rnet7~ylglyoxaline (111). The nitro-compound 
(2 g.) was boiled under reflux with potassium arsenite (5 g.) in absolute 
alcohol (50 c.c.) for 8 hours, together with a crystal of potassium 
iodide. On keeping, clusters of yellow needles crystallised (4.2 g.). 
This product was extracted with water (20 c.c.), and after removal of 
arsenic trioxide the filtrate was acidified (Congo-paper); 1-07 g. of 
solid crystallising in fine, colourless needles and decomposing a t  106" 
were then obtained. 

4-Nitro-5-hydroxy- I-methylglyoxaline (IV) is soluble in water, 
alcohol, dilute acids and alkalis, and the usual organic solvents. It 
cannot be recrystallised, as the solution rapidly becomes dark red, 
and acquires a strong odour of oxides of nitrogen. It was unsuitable 
for combustion, as it decomposed very rapidly. In alcoholic 
solution, the nitroamide gives with ferric chloride an intense brown 
coloration. It also gives the Liebermann nitroso-reaction. The 
potassium salt, prepared by carefully neutralising the nitro-amide 
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with dilute potassium hydroxide and evaporating the solution to 
dryness over sulphuric acid, crystallised in fine, long, yellow needles, 
decomp. 292", containing $H,O, which was very gradually lost 
a t  95" (Found in air-dried substance : H,O, 4.7; K, 20-4, 20.6. 
C4H40,N,K,&H,0 requires H,O, 4.7 ; K, 20.5%). The sodium salt, 
obtained in a similar manner, crystallised in minute, yellow, an- 
hydrous prisms, decomp. 320" (Found : Na, 13-6. C,H40,N3Na 
requires Na, 1 3 ~ 9 7 ~ ) .  

The nitro-compound (2.5 g.), potass- 
ium arsenite (8 g.), and absolute alcohol (50 c.c.) were heated under 
reflux on the water-bath for 8 hours. The product having been 
worked up as in the previous experiments, 2 : 4-dinitrophenol (1 g.), 
m. p. 113-114", alone or mixed with an authentic specimen, was 
isolated. 

8-Chlorocafleine. Potassium arsenite (5 g.), 8-chlorocaffeine 
(2.3 g.), and absolute alcohol (50 c.c.) were similarly heated for 7 
hours. The alcoholic mother-liquor gave 0.75 g., m. p. 160", which 
after recrystallisation proved to be unchanged material ; no products 
were isolated. The experiment was repeated in aqueous solution, 
ammonia or methylamine being evolved. After keeping, 0.85 g. of 
a substance, m. p. 186" alone or mixed with 8-chlorocaffeine, was 
collected, no other organic matter being obtained. A third experi- 
ment was carried out with absolute alcohol in a sealed tube at 
140-180" for 8 hours. The alcohol-insoluble portion (0.4 g.) was 
hydroxycaffeine (m. p. m. 335"), and later crops (0.55 g.), which did 
not melt a t  340", were hydroxycaff eine contaminated with arsenic 
trioxide. The residual alcohol-soluble extract (0.45 g.), m. p. 140- 
142", was identical with a prepared specimen of 8-ethoxycaffeine, 
tlhe melting point of the mixture not being depressed. 

8-Hydroxycaffeeine, m. p. 335", was readily prepared by heating 
8-ethoxycaffeine with 16% hydrochloric acid for 10 minutes in the 
boiling-water bath. It was not obtainable directly from 8-chloro- 
caffeine by Fischer's process (Ber., 1885, 28, 2486). 

8-Ethoxymfleine was prepared by heating 8-chlorocaffeine (1-5 g.) 
with potassium hydroxide (1 g.) and absolute alcohol (15 c.c.) under 
reflux on the water-bath for 6 hours. After removal of the solvent 
and extraction with water, 8-ethoxycaffeine (0.93 g. ; yield, 627,), 
m. p. 140-142", was collected; it crystallised in dense, colourless, 
waxy prisms. 

Bhthalbrmnomethylimide. When phthalbromomethylimide (2.4 9.) 
was heated with potassium arsenite (5 g.) in absolute alcohol (50 c.c.) 
under reflux for 7 hours, 0.9 g., m. p. m. 210" (alone or mixed with 
phthalic acid), was collected, no other products being obtained. 
The experiment wa8 repeated in acetone solution (50 c.c.) from 

2 : 4-Dinitrobromobenxene. 

A further crop (0.5 g.), m. p. 110", was also obtained. 
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which 0.95 g. of product, m. p. 230", was collected. This crystal- 
lised in colourless, rectangular prisms from glacial acetic acid, was 
very sparingly soluble in boiling water, and insoluble in ether 
(Gabriel, Ber., 1887, 20, 2225, gives m. p. 232" for ethylenediphthal- 
imide) (Found: N, 8.8 by the Kjeldahl method. C18RE204nT2 
requires N, S.70/6). 

Action of Sodium S d p A  ite o n  PhthalbromomeI?~yli?nide.--T;ie 
bromo-compound (9.1 g.) was boiled under reflus with sodiii I n  

sulphite (75 C.C. of 207; aqueous solution; 2 mols.) until complete 
solution was effected (12 hours) and kept, when phthalimide (0.35 g.,  
m. p. 232") was collected. The mother-liquor, on being acidified 
(Congo-paper), deposited phthalic acid (3.15 g., rn. p 300"), whilst 
on concentration a further crop (0.85 g., 111. p. 200c, total yield 
62%) was obtained. From the mother-liquors, by further CQnCei l -  

tration, phthalimidomethanesulphonic acid was obtained ( B  -2 g . ,  
m. p. 270" with decomp.; yield, 13.2%). 

Phthalimidomethanes ulphonic acid crystallises from water in long, 
fine, colourless, rectangular prisms, m. p. ca. 295" with decomposition 
according to the rate of heating ; these contain 2.5H20. After being 
dried at  120°, it does not melt even a t  320". It is very soluble in 
water, but almost insoluble in absolute alcohol (Found in air-dried 
substance : loss a t  120°y 16.8. C,H705NS,2.5H,0 requires &O, 
15-70/. Found in substance dried at 120" : N, 5.9 by the Kjeldahl 
method. C,H,O,NS requires N, 5.87(0). The barium salt crystal- 
lises in long, fine needles which are sparingly soluble in water. 

Hydrolysis of the SuZphonic Acid.-The sulphonic acid (8.5 g.) 
was heated with 20% hydrochloric acid (10 c.c.) for 3; hours uncier 
reflux. On keeping, phthalic acid (0.3 g., m. p. 214"; yield 917;) 
was obtained, whilst the mother-liquor on concentration gave lees 
than 0.1 g. of ammonium chloride. 

The author is greatly indebted t o  Dr. King for much helpful 
advice and criticism, and desires to thank Mr. W. Anslow for 
assistance in this investigation. 
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