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184. Structure and Antimalarial Activity. Part I I .  isoAlloxaxines, Quinoxalines, 
and Quinoxaloc y clo pentadienes. 

By D. MURIEL HALL and E. E. TURNER. 

Condensations of substituted o-phenylenediamines with (1) alloxan and (2) 1 : 3-diphenylcyclopentane- 
5 : 6-Diaminoquinoline has been prepared 

7-Chloro-2 : 3 4 -  (m-aminophenyl)- 
2 : 4 : 5-trione gave zsoalloxazines and quinoxalocyclopentadienes. 
and condensed with glucosone and other 1 : 2-diketones to give quinoxalines. 
quinoxaline has been prepared. None of these compounds showed antimalarial activity. 

As long as the exact causes of antimalarial activity remain obscure, i t  is worth while to prepare compounds 
whose general molecular pattern has some resemblance to that of a compound of established activity, for 
example, atebrine. Consequently, we have investigated the possibility of obtaining 9-substituted isoallosazines 
(I) in which R is a series of dialkylaminoalk~~l groups. 

Condensation of m-amino-N-methyl-9-toluidine with alloxan was effected by two of the known methods for 
isoalloxazine synthesis (A, Kuhn and Reinemund, Ber., 1934, 67, 1932; B ,  Kuhn and Weygand, ibid., 1935, 
68, 1282) to give 6 : 9-dimethyZisoaZZoxazine, but attempted condensation of N -  (8-diethylamino-a-methylbuty1)- 
o-phenylenediamine by method A (i.e., in presence of aqueous hydrochloric acid) resulted in the elimination of 
the AT-substitutent and formation of alloxazine. Method B (condensation in acetic-boric acid solution) led to 
a product, the constitution of which has not been established. 

Condensation of N-methylalloxan with un-amino-N-meth~l-p-toluidine by method A proceeded normally to 
give 3 : 6 : 9-tvimethylisoaZZoxazi.tze, isolated as the monohydrate, Elimination of the N-substituent again 
occurred in an attempt to condense N-( 6-diethylarnino-a-methylbutyl)-o-phenylenediamine with N-methyl- 
alloxan by method A, the product thus being 3-methylalloxazine, while method B led to  an obscure result. 
Attempted condensation of 4- and 5-chloro-N- (6-diethplamino-cc-methylbutyl) -0-phenylenediamine or of N- 
(y-diethylaminopropyl) -0-phenylenediamine with alloxan failed to give a definite product. 

None of the compounds isolated exhibited antimalarial activity 
In  a second investigation alloxan was replaced by 1 : 3-diphenylcyclopentanetrione. Condensation of this 

ketone with o-phenylenediamine took place in alcoholic solution, as found by Chakravarti ( J .  Indim Chern. 
SOC., 1925, 2, 71) : use of formic or acetic acid as condensation solvent led to no improvement. In  this 
way 1 : 3-diplzenyl-4‘-/3-hydroxyethyZ-Z-keto-l : 2 : 3’ : 4‘-tetrahydroquinoxaZ0-2’ : 3’ : 4 : 5-cyclopentndiene was ob- 
tained (I1 ; R == CH,-CH,.OH ; R’ = H) . Condensation of the trione with nz-amino-N-methyl-p-toluidine in 
alcoholic-hydrochloric acid or alcoholic-glacial acetic acid gave the desired compound (I1 ; R = R‘ = CH,) 
b u t  in alcohol or in alcoholic-formic acid a second product was formed, namely 5- (2’-rneth~~ln?nino-S’-nzethyZ- 
aniZu)-2 : 4-diphenyZcyclopentane-1 : 3-dione (111), and this compound could not be caused to undergo cyclis- 
ation to (11). A related observation was made by Kuhling and Kaselitz (Ber. ,  1906, 39, 1314) in connection 

P 

0.) (11.) (111.) 

with the mode of condensation of alloxan with N-substituted o-diamines. The compound (III), which could 
clearly exist in numerous forms, was actually isolated in two interconvertible modifications. The various 
compounds of type (11) did not give water-soluble hydrochlorides and were therefore tested for antimalarial 
activity as suspensions in 5% aqueous gelatin. Attempts to introduce as R 
substituent in (11) dialkylaminoalkyl groups were unsuccessful. 

Condensation of 4 : 5-diaminouracil (sulphate) with 1 : 3-diphenylcycZopentanetrione in aqueous acetic 
acid 6’ : 8’-dihydroxy-l : 3-diphenyl-2-keto-1’ : 4’ : 5’ : 7’-tetra-azanaphtho-2’ : 3’ : 4 : 5-Cyczopentene 
(IV), which was isolated as the sodium salt, 

No activity was observed. 

gave 
In  this form it  proved to have no antimalarial activity. 
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It seemed desirable to attempt the synthesis of a compound combining basic and carbohydrate function. 

The interaction of glucosone with 5 : 6-diaminoquinoline was investigated. The only product isolated, which 
appeared to be the desired substance, (V) (or the obvious structural isomeride), was formed in low yield and 
could not be satisfactorily purified. The quinoxalines formed by condensing 5 : G-diaminoquinoline with 
b e n d  and with phenanthraquinone were devoid of antimalarial activity. 

N 

(117.) (V.) (VI.) 

During the preparation of 5 : 6-diaminoquinoline certain statements in the literature were found to be 
inexact. Kaufmann and Zeller (Ber., 19 17, 50, 1626) reported that nitration of 6-p-toluenesulphonamido- 
quinoline with 60% nitric acid at 70" gave a product, m. p. 168-169", which was said to analyse correctly for 
the mononitro-compound and which hydrolysed to give 5-nitro-6-aminoquinoline. Rudy (Ber., 1938, 71, 
847) stated that the yield of nitration product by this method was variable, but he gave neither melting point 
nor analytical details. We find that the procedure of Kaufmann and Zeller, even with various normal modi- 
fications, leaves 6-p-toluenesulphonamidoquinoline unaffected. Nitration a t  a low temperature of the 
p-toluenesulphonyl compound with freshly distilled fuming nitric acid, freed from nitrous acid, is now found to  
give 5-nitro-6-o-nitro-p-toluenesul~honamidoquinoline (VI) , which can be hydrolysed in good yield to  5-nitro-6- 
aminoquinoline, the constitution of which follows from its production by the nitration of 6-o-nztro-p- 
toluenesulphonamidoquinoline. 5-Nitro-6-aminoquinoline could not be caused to  react with either p-toluene- 
sulphonyl chloride or o-nitro-p-toluenesulphonyl chloride. 

In  a related investigation involving the use of 4-chloro-o-phenylenediamine it was found that the con- 
ditions given by Holleman (Rec. trav. chim., 1915, 34, 204) or de Bruyn ( ib id . ,  1916, 36, 126) for mono-nitration 
of p-chloroacetanilide led t o  a mixture of mono- and di-nitro-compounds. Suitable conditions for niono- 
nitration are now described. From the 4-chloro-o-phenylenediamine, by usual methods, 7-chlorc-2 : 3-di-(m- 
aminophenyZ)quino.ualine was prepared. 

The pharmacological tests were carried out by Dr. Ann Bishop of the Molteno Institute on Plasmodium 
relicturn and by Miss I. Tonkin of the National Institute for Medical Research on P. gallinaceztm. 

Its hydrochloride showed no antimalarial activity. 

EXPERIMENTAL. 
6 : 9-Dimethylisoalloxazine was prepared by the method of Kuhn and Reinemund (loc. cit.) by dissolving m-amino-N - 

methyl-p-toluidine (1  g., 1 mol.) in concentrated hydrochloric acid (1-5 c.c.) and adding to a solution of alloxan (1.7 g., 
1.1 mol.) in 5 C.C. of water. After warming for 10 mins. on a 
water-bath the precipitate (1.4 g., 80%) was filtered off, washed, and dried. 6 : 9-Dinzethylisoalloxazine crystallised from 
a large volume of glacial acetic acid in yellow plates, which did not melt below 280" (Found : C, 58.9; H, 4.4; N, 23.2.  
C,,H,,O,N, requires C, 59.5; H, 4.2; S 23.1%). Condensation by the method of Kuhn and Weygand (Zoc. cit.) in 
acetic acid solution in the presence of boric acid gave a similar yield. 

The m-amino-N-methyl-p-toluidine, m. p. 42-43", was obtained in 85% yield by reduction of 112-nitro-N-methy1-p- 
toluidine with stannous chloride in hydrochloric acid. 

3 : 6 : ~-Trimeth~~lisoalZoxazzne.--N-iLlethylalloxan (1.1 g., 1 rnol.) was dissolved in 4 C.C. of water and added t o  
m-amino-N-methyl-p-toluidine (0.8 g., 1 rnol.) dissolved in hydrochloric acid (1.2 c.c.). The solution became yellow and 
after a few minutes' warming a yellow solid began to separate. 3 : 6 : 9-Triutzethylisoalloxazine monohydrate crystallised 
from water in orange needles (Found : C, 57.2; H, 5 . 2 ;  N, 20-7. C J - ~ 1 4 0 3 N 4  requires C, 56.9; H, 5-15; N, 20.4%). 
It was soluble in hot water and in acids and insoluble in alkalis. 

The mixture became hot and a yellow precipitate formed. 

The N-methylalloxan was prepared from theobromine by the method of Biltz (Bey . ,  1912, 45, 3659). 
0-Nitro-N- (6-diethyZamino-a-methylbut~y2)aniline Monopicrate.-A mixture of o-chloronitrobenzene (20 g., 1 mol.) , 

2-amino-5-diethylaminopentane (20 g., 1 mol.) and anhydrous sodium acetate (12 g., 1.2 mols.) was heated a t  150" for 
18 hours. The deep orange product was dissolved in hydrochloric acid (1  : 1) and the solution extracted with ether t o  
remove unchanged o-chloronitrobenzene. After boiling off the ether, the solution was made alkaline with sodium hydrox- 
ide and steam distilled to remove unchanged 2-amino-5-diethylaminopentane. The residual oil was extracted with ether, 
the solution dried over potassium carbonate, and the solvent removed on a water-bath, leaving the o-nitro-N- (6-diethyl- 
amino-a-methylbuty1)-aniline as an orange oil. I t  was converted into o-nitro-N-(6-diet~~~~lamino-a-met~z~lbztt~Z)anzEziae 
monopicrate in alcoholic solution and crystallised from alcohol, m. p. 124-125" ; yield, after one crystallisation, 31 g. 
(50%) (Found : C, 49.5; H, 5.8; X, 16.7. C,,H,,O,N, requires C, 49.6; H, 5.55; N, 16.5%). 

Reduction of the nitro-compound was carried out by (1) titanous chloride, (2) stannous chloride and hydrochloric acid, 
(3) zinc dust and glacial acetic acid and (4) hydrogen in alcoholic solution in the presence of Raney nickel. The resulting 
diamine darkened rapidly in air and neither it nor any of its derivatives could be obtained crystalline. It was therefore 
used for attempted condensations immediately after preparation without purification. Actually, none of the condens- 
ations proved successful. 

The condensation of N- (6-diethylamino-a-methylbutyl)-o-phenylenediamine hydrochloride with alloxan in aqueous 
solution gave alloxazine (Found : C, 55.5; H, 3-1 ; N, 25.8. Calc. : C, 56-1 ; H, 2.8; N, 26.2%). Condensation of the 
diamine hydrochloride with N-methylalloxan in aqueous solution gave 3-methylalloxazine (Found : c, 57.0 ; H, 3.9 ; 
N, 24.6. Condensation of the diamine with 
alloxan or with N-methylalloxan in acetic acid solution in the presence of boric acid gave in each case a " glass " which 
could not be obtained crystalline. 

4-Chl0~0-2-nitro-N-(S-diethylamino-a-meth~~l~utyl)aniline Monopicrate.-A mixture of 2 : 5-dichloronitrobenzene 
(19 g.), obtained in 97% yield by the nitration of p-dichlorobenzene (Holleman, Rec. trav. chim., 1915, 35, I ) ,  2-amino-5- 
diethylaminopentane (16 8.) and anhydrous sodium acetate (10 9.) was heated at 135-140" for 5 hours. The mixture 

Calc .: C, 57.9 ; H, 3.5 ; N, 24.6%), with similar loss of the basic side-chain. 
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was steam distilled and the residual dark red oil extracted with ether. It was dried over potassium carbonate, the ether 
removed and the oil dissolved in alcohol and treated with an alcoholic solution of picric acid. 

4-Chloro-2-nitro-hT-(6-diethyZami?zo-a-methylbutyl)-anzline monopicrate crystallised from alcohol in orange needles 
(27.5 g., 51y0), m. p. 110-111" (Found : N, 15-3. 

5-Chloro-2-nitro-K- (6-dzethylanzino-a-methylbutyl)-aniline Monopicrate.-The reaction was carried out exactly as for 
the 4-chloro-compound. 2 : 4-Dichloronitrobenzene (19 g.), obtained in 90% yield by the nitration of xu-dichlorobenzene 
(Roberts and Turner, J . ,  1925, 2004), gave crude monopicrate (31 g., 52%),  but  on crystallisation from alcohol a lot of tar 
was obtained and the yield of crystallised product was only 19 g. 5-Chloro-2-nitro-N-(6-diethyZamzno-a-~ethyl~utyl)- 
aniline nzonopicrate was a yellow microcrystalline powder, m. p. 110-111" (Found : C, 46.6; H, 5.3 ; N, 15.1 ; C1, 6.7. 
C,lH,,OgN,C1 requires C, 46.5; H, 5.0; N, 15.5; Cl, 6.5%). 

o-Nitro-N-(6-diethylaminopropyZ)-aniline Jfonopzcvate.--A mixture of o-chloronitrobenzene (24 g,), 3-diethylamino- 
propylamine (20 g.) and anhydrous sodium acetate (15 g.) was heated a t  150" for 17 hours. The product was treated with 
hydrochloric acid (1 : 1) and unchanged 0-chloronitrobenzene extracted with ether. On cooling in ice the hydrochloride 
of o-nitro-N-(y-diethylaminopropy1)-aniline crystallised as orange needles. It was filtered, decomposed separately with 
alkali and ether extracted. The filtrate was made alkaline, steam distilled to  remove unchanged 3-diethylaminopropyl- 
amine, and extracted with ether. The ethereal extracts were evaporated and the residual yellow oil was converted into 
the picrate in alcoholic solution. The fraction which had not been through the solid hydrochloride gave a rather impure 
picrate. o-Sitro-N-(6-dieth~lanainopropyl)a?liline monopicrate crystallised from alcohol in yellow needles, m. p. 126- 
127" (Found : C, 48.0; H, 5.1; S, 16.7. CigH240,S, requires C, 47-5; H, 5.0; S,  17.5%). 

1 : 3-Diphenylcyclopentane-2 : 4 : 5-trione was prepared by the method of Claisen and Ewan (Annalen, 1896,284, 245). 
1 : 3-Diphenyl-2-keto-2 : 3-dihydroquinoxalo-2' : 3 ' 4  : 5-cyclopentadiene.-o-Phenylenediamine (1.1 g-) and 1 : 3-di- 

phenylcyclopentane-2 : 4 : 5-trione (2.6 g.) were dissolved separately in hot alcohol and the solutions mixed and kept 
overnight. The yellow precipitate crystallised from acetone, in which i t  was sparingly soluble, in yellow rods, m. p. 
249-250" ; yield, 2.0 g., 60%. 

1 : 3-Dzphen~~1-4'-/?-hydroxyethyl-2-keto-l : 2 : 3' : 4'-2etrahydroquinoxaZo-2' : 3'-4 : 5-cyclopentadiene (I1 ; R = CH,CH,OH ; 
R' = H).-o-Nitro-/?-hydroxyethplaniline (7.3 g.) was reduced with glacial acetic acid and zinc dust and the solu- 
tion filtered and added to  1 : 3-diphenylcyclopentane-2 : 4 : 5-trione (10.6 g.) in hot alcohol (100 c.c.). After \\arming 
and leaving for several hours, a little water was added and the solution decanted from the separated tar. On 
adding more water 1 : 3-dzphenyl-4'-/?-hydroxyethyl-2-keto-l : 2 : 3' : 4'-tetrahydroquinoxalo-2' : 3 ' 4  : 5-cyclopentadie.Pze 
crystallised. It was washed with a littlL alcohol, recrystallised from acetone (3.3 g., 20%) and obtained in pale yellow 
plates, m. p. 208-209" (Found : C ,  78.8; H, 5.3; N, 7.7. 

The o-nitro-8-hydroxyethylaniline was prepared by heating ethanolamine with o-chloronitrobenzene in the presence 
of pyridine (Karrer and Kaef, Helv. Chinz. Acta, 1936, 19, 1029). 

1 : 3-Diphenyl-4' : 7'-diinethyl-2-keto-l : 2 : 3' : 4'-tetrahydroquino,~alo-2' : 3'-4 : 5-cyclopentadiene (I1 ; R = R' = CH,). 
-The condensation of 1 : 3-diphenylc~~clopentane-2 : 4 : s-trione with nz-amino-N-methyl-p-toluidine was carried out  
in the following solvents : (a) alcohol, (b) alcohol-formic acid, (c) alcohol-hydrochloric acid, (d) alcohol-glacial acetic 
acid. I n  the first three cases the pure diamine was used for the condensation; in the last case the nitro-compound 
(1.7 g.) was reduced with glacial acetic acid and zinc dust, filtered from zinc salts and this solution used for the con- 
densation. This last method gave the best yield (1.1 g., 30%). 1 : 3-Diphenyl-4' : 7'-dinzethyl-2-Keto-l : 2 : 3' : 4'- 
tetrahydroquinoxalo-2' : 3'-4 : 5-cyclopentadzene crystallised from alcohol in yellow needles, m. p. 224-225" (Found : 
C, 81.8 ; H, 5.6 ; N, 8.4. C,,H,,Oh', requires C, 82.4 ; H, 5.5 ; S, 7.8%). 

From the experiments with solvents ( a )  and (b )  a second substance was isolated. This crystallised from alcohol or 
ligroin (b. p. 60-80°) in two forms, needles, m. p. 100-101", and plates, m. p. 1067107". Either form could be obtained 
by suitable inoculation of the solution. Analysis showed i t  to  be 5-(2'-~~zethylanzzno-6'-rtzetlzylan~Zo)-2 : 4-diphenylcyclo- 
pentane-1 : 3-dione (111) (Found : C, 78.5; H, 5-8; N, 7.3. C,5H,,0,N, requires C, 78.6; H, 5.8; N ,  7125%). 

Substance f rom hi-(~-DiethylaminopropyZ)-o-phenyZenediamine.-o-Nitro-N-(y-diethylaminopropyl)-anihne (6.2 g.) 
was reduced with zinc dust and acetic acid and the filtered solution added to  1 : 3-diphenylcyclopentane-2 : 4 : 5-trione 
(6-5 g.) in glaciaI acetic acid. The solution was warmed and kept for sesTeral days. Dark crystals separated (3.0 g.) 
and concentration of the mother-liquors gave a further crop (1.2 g.). This substance was insoluble in most organic 
solvents and in dilute hydrochloric acid but  crq-stallised from a large volume of glacial acetic acid as a brown powder 
which did not melt up to  270" (Found : C, 64.7; H, 6.2; N, 3.7%). 

6' : 8'-Dihydroxy-l : 3-diphenyl-2-keto-1' : 4' : 5' : 7'-tetya-azanapktho-8' : 3 ' 4  : 6-A4-cyclopentene (ITIT).-4 : 3-Diamino- 
uracil sulphate (2.0 g.), dissolved in hot 33% acetic acid (250 c.c.), and 1 : 3-diphenylcyclopentane-? i 4 : 5-trione 
(2.6 g.) in hot glacial acetic acid (100 c.c.) were heated together under reflux for 2 hours. The yellow precipitate (1.7 g., 
46%) was insoluble or sparingly soluble in alcohol, acetone, toluene, glacial acetic acid and dilute hydrochloric acid and 
did not melt below 300". It was dissolved in boiling sodium carbonate solution, from which the sodium sa l t  of 6' : 8'-. 
dihydroxy-1 : 3-dzphenyl-2-keto-1' : 4' : 5' : 7'-tetra-azaizaphtho-2' : 3' -4 : 6-A4-cyclopentene crystallised on cooling. This 
crystallised from water in orange-yellow thin rods (Found : C, 62.8;  H, 3-8;  5, 14.9. C,,H,,O,N,Na,~H,O requires 
C, 64.8; H, 3 - 5 ;  N, 14.0%). 

The 4 : 5-diaminouracil was prepared from cyanoacetic acid by the synthesis of Kuhn and Cook (Bey., 1937, 70, 
761). 6-Nitroquinoline was obtained in 
66% yield by the method of Knueppel (Bey., 1896, 29, 703). 

6-Xitroquinoline (226 g. in 2 lots) was reduced with iron, water, and acetic acid and the 6-aminoquinoline converted 
into the fi-toluenesulphonyl derivative, using p-toluenesulphonyl chloride in the presence of sodium carbonate and a 
little water. Crystallisation from alcohol gave pure 6-p-toluenesulphonamidoquinoline (258 g., 67%), m. p. 197-198'. 
The method of Kaufmann and Zeller (loc. cit.) gave lower yields. 

Sztratzon of 6-p-~0~uenesul~hona1.tzidoq~~inoltne.-~-p-Toluenesulphonamidoquinoline (32.5 g.) was added gradually to  
stirred nitric acid (d 1.52, 162.5 g.) at  - 10" to  0". The nitric acid had been freshly prepared by distillation of 70Yb nitric 
acid from an equal volume of concentrated sulphuric acid and was freed from nitrous acid by treatment with urea. The 
Solution was left for about 10 minutes, then poured on to  ice and the precipitate filtered and washed with water. It 
crystallised from alcohol in brownish-yellow regular prisms (31 g., 73%), m. p.  199-200", and proved to  be S-nztro-6-0- 
nitro-p-toZzrenesuZphona.l.l.zidoquinoline (VI) (Found : C, 50.1 ; H, 3.2 ; N, 14.8. C,,H,,O,N,S requires C, 49-5 ; H, 3.1 ; 
N, 14.4%). Hydrolysis of the dinitro-compound (30 g.) by heating a t  100" with concentrated sulphuric acid for 1 hour 
gave 5-nitro-6-aminoquinoline (12.3 g., 84%)' which was crystallised from benzene. 

-Attempts to prepare the P-toluenesulphony-1 and o-nitro-p-toluenesulphonyl derivatives of 6-nitro-6-aminoquinoline 
by the action of the corresponding sulphonyl chloride in the presence of sodium carbonate or pyridine were unsuccessful ; 
the former method gave in each case 5-nitro-6-aminoqui~zoZine monohydvochloride, which was also prepared for comparison 
by the addition of concentrated hydrochloric acid to  a solution of the base in acetone. It crystallised from alcohol in 
yellow plate-like needles, m. p. 258" (decomp.) (Found C, 48.3 ; H, 3.5 ; X, 18.7. CgH80,Y3C1 requires C, 47.9 ; H, 
3.6; hT, 18.6%). 

C,,H,,O,N,Cl requires N, 15.5%). 

Chakravarti (Zoc. cit.) gives m. p. 251". 

C,,H,,O,N, requires C, 78.9; H., 5.3; N, 7.4%). 

From the acid (65 g.) 4 : 5-diaminouracil sulphate (44 g., 31%) was obtained. 

It had m. p. 175-176". 
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To confirm the orientation of the dinitro-compound, 6-aminoquinoline was treated with o-nitro-p-toluenesulphonyl 

chloride in the presence of sodium carbonate and a little water, giving 6-o-nitro-p-toZuenesuZphonaunzdoquinoZine, which 
crystallised from methyl alcohol in rectangular plates, m. p. 191-192" (Found : C, 55.4; H, 4.2; N, 11-9. C,,H,,O,N,S 
requires C, 56.0; H, 3.8; h-, 12.2%). Xitration of this compound with freshly distilled nitric acid (d 1.52) gave 5-nitro- 
6-o-nitro-~-toluenesulphonamidoquinoline, ni. p. and mixed m. p. with the previous specimen, 199-200". 

Reduction of 5-nitro-6-aminoquinoline with stannous chloride and hydrochloric acid (Rudy, doc. cit.) was unsatis- 
factory and was carried out with iron, water, and acetic acid. Alcohol and ammonia were added and, after boiling, the 
solution was filtered from iron oxides. Most of the alcohol was distilled off rapidly and the solution taken down to  dryness 
in a vacuum. 

Condematio.tz of 5 : 6-DiaminoquinoZine with ~~Zucosonc.-5 : 6-Diaminoquinoline (0.5 g.) was dissolved in boiling alcohol 
and the hot filtered solution added to glucosone (0.56 g.) dissolved in slightly aqueous alcohol. The solution was warmed 
on a water-bath for 5 minutes, left for 1 hour and the slight precipitate filtered off. On leaving overnight a larger amount 
of solid separated ; this was filtered and boiled with a large volume of dry acetone. The filtered acetone solution on 
cooling and concentrating deposited a jelly-like precipitate which dried to a light brown microcrystalline powder in a 
vacuum, m. p. 222-225" (decomp.), with previous softening. There was insufficient of .this compound for further 
investigation [Found : C, 58.5; H, 5.2; N, 15.3. The expected product (V), C,,H150,N, requires C, 59-8; H, 5 - 0 ;  
K, 14*070!. 

The glucosone was obtained in 29y0 yield by the hydrolysis with hydrochloric acid (Fischer, h i . . ,  1889, 22, 87) of 
glucosazone, prepared by the method Fischer (ibid. ,  1884, 17, 579). The identity of the glucosone was proved by con- 
densation with o-phenylenediamine in aqueous alcohol to give 2- (l-d-arabo-1 : 2 : 3 : 4-tetrahydroxy-n-bu~yZ)-quinoxaZine, 
which crystallised from alcohol in needles, m. p., after drying in a vacuum, 194" with charring (Found : C, 67.6 ; H, 5.4; 
N, 11.25. C,,H,,O,N, requires C, 57.6; H, 5-6; N, 11.2'3'0). This condensation was first described by Fischer (ibid., 
1889, 22, 87) (cf. Griess and Harrow, ihid. ,  1887, 20, 2205), who gave no m. p. or analysis. The monohydrate, m. p. 
187-188" (decomp.), of the quinoxaline was later prepared by Ohle (Bey . ,  1934, 67, 155) from fructose. 

2 : 3-DzphenyZpyrido-2' : 3'-7 : 8-quinoxaZine.--An alcoholic solution of 5 : 6-diaminoquinoline (2.0 g.) and benzil 
(2.6 8.) was boiled until the separation of solid was complete. The 2 : 3-diphenyZpyrido-2' : 3'-7 : 8-qztznoxaline (1.4 g., 
33%) crystallised from alcohol in slightly yellow plates, m. p. 205-206" (Found : C, 82.3; H, 3.9. C23H15N3 requires 
C, 82.9; H, 4.5%). 

1 : 2 : 3 : 4-Dzbe.tzzopyrid0-2' : 3'-8 : 9-phe.tzazine.-An alcoholic solution of 5 : 6-diaminoquinoline (1.6 g.) and phen- 
anthraquinone (2-0 g.) was boiled until the separation of solid was complete. The 1 : 2 : 3 : 4-dibenzopyrido-2' : 3'-8 : 9- 
phemzine  crystallised from benzene or glacial acetic acid in light brown needles (1.5 g., 47%), m. p. 294" (Found: C, 
83.0 ; H, 4.1. Kaufmann and Zeller (loc. cit.) describe the condensation product 
of 5 : 6-diaminoquinoline and phenanthraquinone as yellow needles, m p. 287-288", but give no analysis. 

p-Chloroacetanilide (50 g.) was dissolved in nitric acid (d 1-42) (500 g.), cooled to - 10" and fuming nitric acid (d 1-49) 
(500 g.) added gradually with stirring, the temperature being kept below 0". Stirring was continued for 15 minutes after 
all the acid had been added and the solution then poured on ice. The p-chloro-o-nitroacetanilide was washed free from 
acid and hydrolysed by heating for a short time with 70% sulphuric acid a t  < 120". The p-chloro-o-nitroaniline (42.5 g., 
85%) was crystallised from aqueous alcohol; it had m. p. 116-117". 

p-Chloro-o-nitroaniline (10 g.) was reduced in alcoholic solution with hydrogen in the presence of Raney nickel 
catalyst. 4-Chloro-o-phenylenediamine (6 g.), m. p. 73-74", was obtained by crystallisation from ligroin (b. p. 100- 

7-ChZoro-2 : 3-di- (m-nitrophe~zyZ)quinoxaZzne.--An alcoholic solution of 4-chloro-o-phenylenediamine (3.0 g.) and 
3 : 3'-dinitrobenzil (6.3 g.) was boiled for 3 hours. The precipitate was crystallised by dissolving in acetone (1 1.) under 
reflux and then distilling off most of the solvent. 7-Chloro-2 : 3-di- (m-nitru~henyZ)-quinoxaZine crystallised from the 
concentrated solution in almost colourless, diamond-shaped plates (7.6 g., go%), m. p. 224-225" (Found : X, 13.9. 
C20Hli0,N,Cl requires N, 13-804). 

7-ChZoro-2 : 3-d~-(rn-am~no~he~zyZ)qu~no~uZ~ne.-The above dinitro-compound (3 g.) was suspended in glacial acetic 
acid (15 c.c.) and added gradually to a boiling solution of stannous chloride (11 g.) in hydrochloric acid (14 c.c.). The 
reddish-brown solution was poured into excess of 10 yo sodium hydroxide solution and the yellow precipitate filtered, 
dissolved in dilute hydrochloric acid and reprecipitated with ammonia. Crystallisation from methyl alcohol gave 
orange platcs (1.8 g., 60%) of 7-clzEoro-2 : 3-dz-(m-anziizo~hen~Z)~uinoxaZine ( + BCH,OH), melting a t  80-81" with loss 
of methyl alcohol (Found : N, 13.9. Found, with material freed from methyl 
alcohol by vacuum drying a t  100" : C, 69-9; H, 4.5. CPOHI5N4C1 requires C, 69.3; H, 4.4%). Catalytic reduction of a 
suspension of the dinitro-compound in alcohol using Raney nickel gave a similar yield. 

Microanalyses were carried out by Drs. G. Weiler and F. B. Strauss of Oxford. 
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It was soluble in concentrated hydrochloric acid but reprecipitated on dilution with water. 
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