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8. The Synthesis of Trypanocides. Part I .  Some 
Pyrimidylanzinoquinoli~~e Derivatives. 

By I’. A. BARRETT, (the late) F. H. S. CURD, and W. HEPWORTH. 
A series of compounds in which pyrimidine derivatives are linked to a 

quinoline nucleus through a 6-amino-group in the latter are described. The 
derivatives used included 2-amino-4-chloro-6-methyl-, 4-amino-2-chloro-6- 
methyl-, and 2 : 6-diamino-4-chloro-pyrimidine ; and 6-amino- and 6- 
amino-2-methyl- and 4 : 6-diamino-2-methyl-quinolines. Quaternary salts 
obtained by the action of methyl iodide on the p yrimidylaminoquinolines were 
identical with those obtained by condensation of the corresponding 
quaternary 6-amino-1-methylquinolinium salts with the chloropyrimidines 
listed above. 

IN this series of papers we report the chemical aspects of an investigation directed towards 
the discovery of new trypanocides. The chemotherapeutic aspects will be described 
elsewhere in collaboration with Dr. D. G. Davey. 
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At the start of our investigation there appeared to be three main outstanding problems 
in the chemotherapy of trypanosomiasis: the discovery of a satisfactory drug for the 
treatment of human sleeping sickness in its late stages when the central nervous system 
has become involved, the therapy of S. American trypanosomiasis (Chagas disease) which 
is caused by T~ypanosoma cruzi, and the treatment of T. congolense infections in cattle. Of 
these, the last appeared to be the most important since no completely satisfactory drug has 
been discovered, although considerable progress has recently been made by the introduction 
of the phenanthridine derivatives Phenidium Chloride and Dimidium Bromide. 

Before the introduction of the above phenanthridine compounds, some experiments 
had been reported with a compound named Surfen C (I) (for references see Bureau of Hygiene 
and Tropical Diseases, Review Monograph No. 1, 1946 : “ A survey of recent work on 
trypanosomiasis and tsetse flies,” p. 39). According to Jensch (Angm. Chern., 1937, 50, 
891), this was discovered during a systematic investigation of derivatives of &amino- 
quinoline. He emphasised the importance of the 4-amino-group and noted the similarity 
of the tautomeric system in this type of compound to that found in several chemo- 
therapeutically active 5-amino-acridines. 

In our researches, which commenced with compounds of types (I1 and I11 ; R = NH,, 
R’ = Me), we sought to simplify the molecule of Surfen C by eliminating the triazine 
residue which appeared merely to act as a linking group between the two quinoline 
residues, and to replace one of these by an aminopyrimidine system exhibiting similar 
t automeric possibilities. 
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4-Amino-6-(2-amino-6-methyl-4-pyrimidylamino)-2-methylquinoline (I1 ; R = NH,, 
R’ = Me) was synthesised by condensation of 4 : 6-diamino-2-methylquinoline (IV;  
R = NH,, R’ = H) with 2-amino-4-chloro-6-methylpyrimidine in boiling aqueous solution 
in presence of hydrochloric acid. In order to prove that condensation had taken place a t  
the 6- and not a t  the 4-amino-group of the 4 : 6-diamin0-2-methylquinoline, 2-amh0-4- 
chloro-6-methylpyrimidine was condensed with 6-amino-4-hydroxy-2-methylquinoline 
(prepared by hydrolysis of the 6-acetamido-derivative) to give 6-(2-amino-6-methyl- 
4-pyrimidylamino)-4-hydroxy-2-methylquinoline (I1 ; R = OH, R’ = Me) which was 
converted by phosphoryl chloride into the 4-chloro-compound (11; R = C1, R’ = Me) 
and thence by ammonia in phenol into (11; R = NH,, R‘ = Me), identical with the 
product made by the first method. Analogously, condensation of 4-amino-2-chloro-6- 
methylpyrimidine with 4 : 6-diamino-2-methylquinoline gave (111 ; R = NH,, R’ = Me). 

The preparation of 4 : 6-diamino-2-methylquinoline by the action of ammonia in 
phenol on 6-acetamido-4-chloro-2-methylquinoline ( IV;  R = C1, R’ = Ac) followed by 
hydrolysis of the resulting 4-amino-compound (IV; R = NH,, R’ = Ac) was described in 
B.P. 414,105, and this method has been used for the present work. The synthesis of 
( IV;  R = C1, R’ = Ac) was not described in detail in the patent and for the present work 
we have used Kermack and Weatherhead’s procedure (J., 1939, 563). 
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Since (11; R = NH,, R’ = Me) and (111; R = NH2, R’ = Me) possessed only slight 
trypanocidal activity, attention was directed to the corresponding quaternary salt 
derivatives (V and V I ;  R = NH2, R’ = Me). I n  these substances the tautomeric 
possibilities of the 4-amino-2-methylquinoline system are lost, but ionic resonance is still 
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theoretically possible (as in VII), and resonance is of greater importance for biological 
activity than prototropy (Curd, Landquist, and Rose, J., 1947, 154; Curd, Davis, 
Hoggarth, and Rose, ibid., p. 783). Moreover, conversion of a heterocyclic nitrogen atom 
in an inactive or a slightly active structure into the quaternary state can lead to marked 
trypanocidal activity (cf, Browning, Morgan, Robb, and Walls, J .  Path. Bact., 1938, 
46, 203). 

4-Amino-6-(2-amino-6-methyl-4-pyrimidylamino)-1 : 2-dimethylquinolinium iodide (V ; 
R = NH,, R’ = Me, X = I) and the isomeric iodide (VI; R = NH,, R‘ = Me, X = I) 
were first prepared by the action of boiling alcoholic methyl iodide on (11 and 111; R = 
NH,, R’ = Me) respectively. That quaternisation had occurred on the quinoline 
nitrogen atom was proved by the synthesis of (V; R = NH,, R’ = Me, X = I) from 
4 : 6-diamino-1 : 2-dimethylquinolinium chloride (VIII ; R = NH,, R’ = H, X = C1) 
and 2-amino-4-chloro-6-methylpyrimidine, and of (VI; R = NH,, R’ = Me, X = I) in a 
similar manner, 4-amino-2-chloro- being used in place of 2-amino-4-chloro-6-methyl- 
pyrimidine. The proof depended, however, on confirmation of the structure of (VIII; 
R = NH,, R’ = H, X = Cl). This compound was synthesised by treatment of 6-acet- 
amido-4-amino-2-methylquinoline with methyl sulphate in nitrobenzene at loo”, followed 
by hydrolysis of the resulting methosulphate (VIII; R = NH,, R’ = Ad, X = S0,Me) 
with boiling hydrochloric acid. That it does in fact possess the structure assigned to it 
was proved by its hydrolysis with N-sodium hydroxide to a compound possessing the 
N-methylquinolone structure : 6-amino-1 : 2-dimethylquinol-4-one (IX). Boiling 2N- 
sodium hydroxide similarly hydrolyses (V; R = NH,, R’ = Me, X = I) to (X), which 
was also prepared by reaction between 6-amino-1 : 2-dimethylquinol-4-one and 2-amino- 
4-chloro-&met hylpyrimidine. 

The investigation was then extended to the preparation of (XII ;  R = NH,, R’ = 
R” = Me, X = I) and (XII ;  R = R” = NH2, R’ = Me, X = I). The former was made 
by two methods : condensation of 4 : 6-diamino-2-methylquinohe with 6-amino-4- 
chloro-2-methylpyrimidine to give (XI; R = NH,, R’ = R” = Me), followed by 
quaternisation with methyl iodide in boiling alcohol; and by condensation of 4 : 6-di- 
amino-1 : 2-dimethylquinolinium chloride with 6-amino-4-chloro-2-methylpyrimidine 
followed by conversion into the iodide. The second compound resulted from the reaction 
of (VIII ; R = NH,, R’ = H, X = Cl) with 4-chloro-2 : 6-diaminopyrimidine in acetic acid at 
150-160”. 4-Amino-6-(2 : 6-diamino-4-pyrimidylamino)-2-methylquinoline was obtained 
by reaction of 4 : 6-diamino-2-methylquinoline with 2 : 6-diamino-4-chloropyrimidine. 

Concurrently, and for comparative purposes, we prepared by similar methods a number 
of analogous substances lacking the 4-amino-group in the quinoline nucleus ; these 
included 6-(2-amino-6-methyl-4-pyrimidylamino)-l : 2-dimethylquinolinium chloride (V ; 
R = H, R’ = Me, X = Cl), the iodide (VI; R = H, R’ = Me, X = I) of its isomer, the 
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corresponding quinoline derivatives (V and VI; R = R’ = H, X = I), and 6-(6-amino-2- 
methyl-4-pyrimidy1amino)- (XII ;  R = R’ = H, R” = Me, X = I) and 6-(2 : 6-diamino- 
4pyrimidylamino)-1-methylquinolinium iodide (XII ;  R = R’ = H, R” = NH2, X = I). 

The 6-aminoquinoline and 6-amino-2-methvlquinoline quaternary salts used were 
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prepared from 6-acetamido-quinoline and -2-methylquinoline by methyl sulphate in nitro- 
benzene, followed by hydrochloric acid. 6-Amino-1 : 2-dimethylquinolinium iodide was 
obtained by essentially this method by Browning, Cohen, Ellingworth, and Gulbransen 
(Proc. Roy. SOC., 1926, B, 100, 293) but neither this nor the corresponding chloride was 
adequately characterised. Attempts to prepare 6-amino-1-methylquinolinium iodide by 
Claus and Schnell's method (J .  pr. Chein., 1896, 53, 119), by reaction of 6-aminoquholhe 
and methyl iodide under pressure, or by reaction in benzene or via the methosulphate gave 
unsatisfactory products. 

EXPERIMENTAL 
6-Acetunzido-4-amino-1 : 2-dimethylquinolinium Salts (VIII ; R = NH,, R' = Ac, X = 

Hal) .-6-Acetamido-4-amino-2-methylquinoline (4.5 g.) was dissolved in nitrobenzene (40 c.c.) 
a t  100" and methyl sulphate (2-8 g.) added during 5 minutes with stirring, which was continued 
a t  this temperature for 1 hour. The precipitated methosulphate was collected, after cooling, 
washed free from nitrobenzene with acetone, and dried. It was then dissolved in the minimum 
quantity of water, treated with carbon and filtered, and the filtrate saturated with sodium 
chloride. The precipitated chloride crystallised from 95% alcohol in colourless needles (yield, 
59%), m. p. 318" (Found : C, 55.2; H, 6-5; N, 14-5; Cl', 12.8. C1,Hl,0N,C1,H20 requires 
C, 55.0; H, 6.3; N, 14.8; Cl', 12.5%). It was converted into the corresponding iodide by 
dissolving it in water and adding potassium iodide. This salt crystallised from 50% aqueous 
alcohol as colourless needles, m. p. 294-295", with softening from 285" (Found : C, 42-1 ; H, 
4.7 ; N, 11.4 ; 1', 33-8. Cl,H160N,I,H,0 requires C, 41.6 ; H, 4.8 ; N, 11-2 ; 1', 33.9%). 

R = NH,, R' = H, X = Cl).- 
The above methosulphate (4.4 g.) was dissolved in 20% hydrochloric acid (15 c.c.), and the 
solution boiled for 10 minutes and then cooled. The solid which separated was collected, washed 
with acetone, and crystallised from 20% hydrochloric acid to give the hydrochloride of (VIII ; 
R = NH,, R' = H, X = Cl) as almost colourless prisms, m. p. 292-293' (Found : C, 51.0; 
H, 5-85; N, 16.25; C1, 27.4. CllH,,N,Cl,HC1 requires C, 50-8; H, 5.8; N, 16.2; C1, 27.3%). 
An aqueous solution of the above hydrochloride was made alkaline to Brilliant-yellow with 
sodium carbonate, and a little sodium chloride added to give the chloride (VIII; R = NH,, 
R' = H, X = Cl), which crystallised from 95% alcohol as yellow laminz, m. p. 300-301" 
(Found: C, 55.0; H, 6-4; N, 17.6; Cl', 15-0. C,lHl,N,Cl,H,O requires C, 54.7; H, 6.6; 
N, 17-4; Cl', 14.7%). 

6-(2-A~nino-6-meth~1-4-pyrimidylamino)-4-hydroxy-2-methylquinoline (I1 ; R = OH, R' = 
Me) .-6-Amino-4-hydroxy-2-methylquinoline dihydrochloride (6.45 g .) , 2-amino-4-chloro-6- 
methylpyrimidine (4.6 g.) (Gabriel and Colman, Rev., 1899, 32, 2924), and water (20 c.c.) were 
refluxed together for 6 hours. The resulting cooled solution was made alkaline with ammonia, 
and the precipitated product filtered off, washed with water, and dried (yield, 7-8 g.). Crystal- 
lised from aqueous 2-ethoxyethanol, the compound (I1 ; R = OH, R' = Me) formed very pale 
yellow needles, m. p. 356-357" (decomp.) (Found: C, 56.45; H, 6.1; N, 22-2. 
C1,Hl,0NB,2H,0 requires C, 56.75; H, 6.0; N, 22.1%). 

6-(2-Amino-6-methyl-4-~yrimidylamino) -4-chloro-2-methylquinoline (I1 ; R = C1, R' = Me) .- 
The preceding compound (10 g.) and phosphoryl chloride (20 c.c.) were mixed. When the 
resulting vigorous reaction had subsided the mixture was refluxed for 20 minutes, then cooled 
and poured into dilute sodium hydroxide (250 c.c.). The resulting product was collected, 
washed alkali-free with water, and crystallised from dry methanol to give the chloro-compound 
(6.3 g.) as almost colourless needles, m. p. 254" (Found : C, 60-0; H, 5-0; N, 23.3. C1,Hl4N5C1 
requires C, 60-3 ; H, 4.7 ; N, 23.4%). 

4-Amino-6-(2-amino-6-methyl-4-~y~imidylamino)-2-methylquinoline (I1 ; R = NH,, R' = 
Me) .-(u) 4 : 6-Diamino-2-methylquinoline (1 3.2 g . )  , 2-amino-4-chloro-6-methylpyrimidine 
(10.8 g.), water (150 c.c.), and 36% hydrochloric acid (18 c.c.) were refluxed together for 1 hour, 
and the reaction mixture cooled and made just alkaline with ammonia. On addition of a little 
sodium chloride, the hydrochloride rapidly separated and was filtered off and crystallised from 
50% aqueous alcohol ; colourless fine needles, m. p. 345' (decomp.) (Found : C, 55-9 ; H, 5.5 ; 

The base, obtained by treating a solution of the hydrochloride with sodium hydroxide, 
crystallised from 60% alcohol as colourless needles, m. p. 299-300" (Found : C, 60.1 ; H, 6-0; 
N, 28.2. C15Hl,N,,H,0 requires C, 60-4; H, 6.0; N, 28.2%). The base formed different 
hydrates of the same m. p. When the monohydrate was boiled with a little absolute alcohol 

4 : 6-Diamino-1 : 2-dimethylquinolinium Chloride (VIII; 

N, 26.0; c1, 10.8. C1,H16N6,HC1,0*5H,0 requires c ,  55.3; H, 5-5; N, 25-8; c1, 10.9%). 
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it dissolved but denser anhydrous base was deposited immediately; m. p. 302-303" (Found : 
C, 64-0; H, 5 - 8 ;  N, 30-0. 

(b) 6- (2-Amino-6-methyl-4-pyrimidylamino) -4-chloro-2-methylquinoline (4.3 g.) was dis- 
solved in phenol (8 g.), the solution heated to looo, and ammonia passed in briskly. The 
temperature rose to 120" and then began to fall. A t  this stage, with continued passage of 
ammonia, the temperature was raised to, and kept at 180" for 3 hours. The mixture was then 
cooled somewhat and poured into dilute sodium hydroxide. The resulting precipitate was 
collected, washed alkali-free with water, and crystallised from 50% aqueous alcohol (Found: 
C, 58-3; H, 6.5; N, 27.1. Cl,H,,N,,1~5H,0 requires C, 58.6; H, 6.2; N, 27.3%) to give, 
after dehydration as above, the same material as in (a) ,  m. p. and mixed m. p. 299-300'. 

4-Amino-6-( 2-anzino-6-methyl-4-pyrimidyZamino) -1 : 2-dimethylquinolinium Salts (V ; R = 
NH,, R' = Me, X = Hal) .-(a) C-Amino-6-( 2-amino-6-methyl-4-pyrimidylamino)-2-methyl- 
quinoline (8 g.), methyl iodide (14 c.c.), and alcohol (100 c.c.) were refluxed together on the 
steam-bath for 6 hours. The mixture was cooled and filtered, and the residue crystallised from 
50% aqueous alcohol to constant m. p. (at least three crystallisations were usually required) 
to give the iodide (V; R = NH,, R' = Me, X = I) as very pale yellow fine needles, m. p. 322- 
323" (Found : C, 42.5; H, 4-9; N, 18-3; 1', 28-3. Cl,HlgN,I,2H,0 requires C ,  41.9; H, 5.0; 
N, 18.3; 1', 27.7%). 

(b)  A mixture of 4 : 6-diamino-1 : 2-dimethylquinolinium chloride (5.6 g.), 2-amino-4-chloro- 
6-methylpyrimidine (3.6 g.), water (50 c.c.), and 36% hydrochloric acid (6 c.c.) was heated to 
boiling. Solution occurred, followed almost immediately by separation of colourless material. 
The reaction was completed on the steam-bath (1 hour), the mixture then cooled and filtered and 
the product crystallised from alcohol-water (3 : 1) to give needles of the hydrochloride of the 
chloride (V; R = NH,, R' = Me, X = Cl), m. p. 351-352" (Found: C, 50-2; H, 5.7; N, 21.8; 
Cl', 18-7. With aqueous 
sodium iodide it gave the corresponding iodide hydrochloride (or chloride hydriodide), very pale 
yellow needles, m. p. 316-317" (from 50% aqueous alcohol) (Found : C, 40-4; H, 4.3; X, 17-3; 
I, 26.5. Cl,H,,N,I,HC1,H,O requires C, 40.4; H, 4-6; N, 17-6; I, 26.6%). Re-treatment of 
this salt with hot aqueous sodium iodide gave the iodide hydriodide, yellowish needles (from 
water), m. p. 323-324" (Found : C, 34.7; H, 3.9; N, 15.4; I ,  44-9. Cl,Hl,N,I,HI,0~5H,0 
requires C, 34-4 ; H, 3-8 ; N, 15.0 ; I, 45.4%). When the chloride hydrochloride was suspended 
in hot water a t  80°, and sodium carbonate added to faint alkalinity (Brilliant-yellow), i t  passed 
transiently into solution and the corresponding chloride (V; R = NH,, R' = Me, X = Cl) 
separated ; it crystallised from 50% aqueous alcohol as colourless fine needles, m. p. 336-338" 
(Found : C, 53-9; H, 6-1; N, 22.9; C1, 10.1. C,,HlgN,Cl,1~5H,0 requires C, 53.7; H, 6.2; 
N, 23-5 ; C1, 9.9%). A solution of this chloride in water, treated with potassium iodide, gave 
the iodide as a monohydrate but otherwise identical with that obtained in (a ) ,  m. p. and mixed 
m. p. 322-323" (Found : C, 43.1 ; H, 5.1 ; N, 18.3; 1', 29-0. Cl,H1,N,I,H,O requires C, 43.6; 
H, 4.8 ; N, 19-1 ; 1', 28.9%). 

6-Amino-1 : 2-dimethylquinol-4~one (IX) .A : 6-Diamino-1 : 2-methylquinolinium chloride 
hydrochloride (5 g.) and N-sodium hydroxide (50 c.c.) were boiled together under reflux until 
evolution of ammonia had ceased (3 hours). The mixture was cooled, and the yellow material 
which separated was the quinolone, yellow prisms, m. p. 321-323" (from water) (Found : C, 
70.1 ; H, 6-4; N, 14.4. The same chloride 
hydrochloride was unchanged by 36% hydrochloric acid at  170-180" (14 hours) or in refluxing 
aqueous solution at  pH 11 (15 minutes). 

6-(2-Ami~zo-6-methyl-4-pyrimidylamino) -1 : 2-dimethylquinol-4-one (X) .-(a) 6-Amino-1 : 2- 
dimethylquinol-Cone (0.9 g.), 2-amino-4-chloro-6-methylpyrimidine (0.6 g.) , 36% hydrochloric 
acid (1 c.c.), and water (10 c.c.) w-ere refluxed together for I hour, and the solution cooled 
and made alkaline to Clayton-yellow with sodium hydroxide. The precipitated product was 
theIquinoZone (X), fine yellow needles (from 50% aqueous alcohol), m. p. 365" (decomp.) 
(Found : C, 64.5; H, 5.5; N, 23.7. 

(b)  4-Amino-6- (2-amino-6-methyl-4-pyrimidylamino) - 1 : 2-dimethylquinolinium iodide (2 g.) 
and N-sodium hydroxide (50 c.c.) were refluxed together till evolution of ammonia ceased 
(3 hours). The cooled reaction mixture was filtered, and the solid crystallised from 50% alcohol 
to give the same material as in ( a ) ,  m. p. and mixed m. p. 365" (decomp.) (Found : N, 24.0%). 

4-Amino-6-(4-anzino-6-methyl-2-~yrimidylam~no)-2-methylquinoline (I11 ; R = NH,, R' = 
Me) .-4 : 6-Diamino-2-methylquinoline (4.2 g.) , 4-amino-2-chloro-6-methylpyrimidine (3.4 8.) 
(Gabriel and Colman, Zoc. cit.), water (50 c.c.), and 36% hydrochloric acid (6 c.c.) were boiled 
together under reflux for 4 hours. After cooling, the colourless crystalline dihydrochloride which 

C15Hl,N, requires C, 64.3; H, 5-7; N, 30-070). 

Cl,HlgN,C1,HC1,H,O requires C, 49.9; H, 5.7; N, 21.8; Cl', 18.4%). 

C1,Hl,0N2 requires C, 70.05 ; H, 6.4 ; N, 14.85y0). 

Cl,H1,0N5 requires C, 65.0; H, 5.75; N, 23.7%). 
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had separated was washed with acetone and gave needles (5 g.), m. p. >300° (previous loss of 
water), from 50% aqueous alcohol (Found, in material dried at looo : C, 47.75; H, 5.7; N, 
21.9; C1, 18.5. C,,Hl,N,,2HCl,1~5H,0 requires C, 47-3; H, 5-5; N, 22.1; C1, 18.7%). 
The base, obtained by addition of sodium hydroxide to a solution of the hydrochloride in water, 
crystallised from alcohol as very pale yellow prisms, m. p. 272-273" (Found : C, 56.8 ; H, 6.3 ; 
N, 26.4. 

R = 
NH,, R' = Me).-(a) The above base (3 g.), methyl iodide (7 c.c.), and alcohol (50 c.c.) were 
refluxed together for 6 hours. After cooling, the product was collected, washed with acetone, 
dried, and crystallised from 50% aqueous alcohol containing a few drops of ammonia. The 
iodide formed pale yellow needles (2.3 g.), m. p. 340" (decomp.) with previous softening (Found : 
C, 45-5; H, 4-5; N, 19.8; I, 30.2. 

(b) 4-Amino-2-chloro-6-methylpyrimidine (3-6 g.) , 4 : 6-diamino- 1 : 2-dimethylquinolinium 
chloride (5.6 g . ) ,  water (50 c.c.), and 36% hydrochloric acid (6 c.c.) were heated together at 100" 
for 1 hour. The product which separated was collected, after cooling, washed with acetone, and 
crystallised from 75% aqueous alcohol to give the hydrochlovide of the chloride (VI ; R = NH,, 
R' = Me, X = C1) (7.5 g.) as fine colourless needles, m. p. 366" (decomp.) (Found : C, 48-0; H, 
6.0;  N, 21.0; C1, 17-0. Cl,HlgN,C1,HCl,2H,0 requires C, 47.7 ; H, 6.0 ; N, 20.8 ; C1, 17.6%). 
When treated in hot water with sodium carbonate to alkalinity to Brilliant-yellow, this salt 
gave the chloride (VI; R = NH,, R' = Me, X = Cl), which separated from 50% aqueous 
alcohol as yellow prisms, m. p. >380" (Found : C, 58.0; H, 5.6; N, 25.0; C1, 10-5. C,,H,,N,Cl 
requires C, 58-2; H, 5-75; N, 25-4; C1, 10.75%). The corresponding iodide, after crystallis- 
ation from 50% aqueous alcohol, was identical with that made by method ( a ) ,  m. p. and mixed 
m. p. 340" (decomp.) (Found : C, 45.3; H, 4.5; N, 19.9; I, 30.2y0). 

4-Amino-6-(4-amino-2-methyl-6-pyrimidylamino)-2-methylquinoline (XI ; R = NH,, R' = 
R" = Me) .A : 6-Diamino-2-methylquinoline (3-5 g.) , 6-amino-4-chloro-2-methylpyrimidine 
(2-9 g.) (Baddiley, Lythgoe, McNeil, and Todd, J. ,  1943, 383), water (50 c.c.), and 10N-hydro- 
chloric acid (2.2 c.c.) were boiled together under reflux for 4 hours. After cooling, the product 
was collected and crystallised from 50% aqueous alcohol to give the dihydrochlmide as pale 
yellow needles, m. p. >380" (Found : C, 42-8; H, 6.2; N, 19-9; Cl', 16.9, 17-0. 
C,,Hl,N,,2HC1,3.5H,0 requires C, 43.1 ; H, 6.0; N, 20.2; Cl', 17.1%). The corresponding 
base, obtained by rendering a solution of the hydrochloride alkaline to Clayton-yellow, 
crystallised from 80% aqueous alcohol as fine colourless needles, m. p. 292-294" (Found : 
C, 62-9; H, 5-9 ; N, 29-0. 

4-Amino-6-(4-amino-2-methyl-6-pyrimidylumino) -1 : 2-dimethylquinolinium Salts (XI1 ; R = 
NH,, R' = R" = Me).-(a) The preceding compound (6 g.), methyl iodide (10 c.c.), and alcohol 
(100 c.c.) were refluxed on the steam-bath overnight. Rapid dissolution occurred, followed 
shortly by deposition of the iodide. After cooling, this was collected ; it crystallised from 50% 
aqueous alcohol as yellow needles, m. p. 344" (decomp.) (Found : C, 43-8 ; H, 5.0 ; N, 18-7 ; I, 
28.6. C,,H,,N,I,H,O requires C, 43.7 ; H, 4.8; N, 19-1 ; I, 28.9%). In another experiment 
i t  was obtained as the dihydrute (Found : C, 42-5 ; H, 4-8 ; N, 18-6 ; 1', 27-6. Cl,H,,N61,2H,0 
requires C, 41.9; H, 5.0; N, 18.3; 1', 27.7%). 

(b)  4 : 6-Diamino-1 : 2-dimethylquinolinium chloride hydrochloride (5-6 g.), 6-amino-4- 
chloro-Z-methylpyrimidine (3.6 g.), and water (50 c.c.) were boiled under reflux for 2 hours. 
The product which separated on cooling was collected and dissolved in boiling water, and the 
solution made alkaline to Brilliant-yellow with sodium carbonate and salted out with sodium 
chloride. The precipitated chloride (XI1 ; R = NH,, R' = R" = Me, X = C1) crystallised 
from 50% aqueous alcohol as colourless fine needles which became yellow at  loo", and had 
m. p. 358" (decomp.) (Found, in air-dried material : C, 54.8; H, 6-0; N, 23-8; C1, 10.6. 
Cl,Hl,N,C1,H,O requires C, 55.1; H, 6.0; N, 24.1; C1, 10.2%). I t  was converted into the 
corresponding iodide by the usual method; m. p. 344' (decomp.) undepressed on admixture 
with material made by method (a)  (Found : C, 43.0, 43-1 ; H, 4.6; N, 18.7; I, 28-1. 
Cl,Hl,N,I,l~5H,0 requires C, 43-0; H, 4.9; N, 18-7; I, 28.3%). 

4-Amino-6-(2 : 6-diamino-4-~yrimidylamino)-2-methylquanoline (XI ; R = R" = NH,, R' = 
Me) .A : 6-Diamino-2-methylquinoline hydrochloride (10.2 g.) , 2  : 6-diamino-4-chloropyrirnidine 
(6.7 9.) (Hull, Lovell, Openshaw, and Todd, J. ,  1947, 41), and acetic acid (9 c.c.) were heated 
together at 150-160" for 16 hours. The mixture rapidly became fluid and thereafter gradually 
solidified. The cooled mixture was dissolved in hot water, and the solution treated with carbon, 
filtered, and made alkaline with sodium hydroxide. The product, initially precipitated as an 
oil, rapidly solidified and was then collected, washed with water, and boiled with a little 50% 

C15H,,N,,2H,0 requires C, 57.0; H, 6-3; N, 26.6%). 
4-Amino-6-(4-amino-6-methyl-2-pyrimidylamino)-l : 2-dimethylquinolinium Salts (VI ; 

Cl,HlgN61 requires C, 45.6; H, 4.5; N, 19.9; I, 30.2%). 

C1,H,,N,,0.5H,0 requires C, 62.3 ; H, 5.9 ; N, 29.0%). 
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alcohol. The insoluble material (9-4 g.), m. p. 335-336" (decomp.), crystallised from propanol 
to give the $yoduct as a buff-coloured powder of unchanged m. p. (Found : C, 59.5; H, 5-4; 
N, 34.2. C1,HI5N, requires C, 59-8; H, 5.35; N, 34.9%). 

4-Amino-6-(2 : 6-diamino-4-pyrimidylamino) - 1 : 2-dimethylquinolinium Iodide (XI1 ; K = 
R" = NH,, R' = Me, X = I ) . 4  : 6-Diamino-1 : 2-dimethylquinolinium chloride hydrochloide 
(4 g.), 2 : 6-diamino-4-chloropyrimidine (2.2 g,), and acetic acid (3-1 c.c.) were stirred and heated 
together at 150-160" for 2 hours, the original fluid melt then having solidified. The cooled 
reaction mixture was dissolved in hot water, sodium carbonate added to make the solution 
alkaline to litmus, and excess of sodium iodide added. The precipitated iodide was filtered off 
when cold, and crystallised from 50% aqueous alcohol (XI1 ; R = R" = NH,, R' = Me, X = I) 
as a colourless powder (2.65 g.), m. p. 314" (decomp.) (Found : C, 41.4; H, 4-4; N, 22-7; I, 
28.7. 

6-Amino-1 : 2-dimethylquinolinium Chloride.-A suspension of 6-acetamido-2-methyl- 
quinoline (30.4 g.) (Hamer, J., 1921, 119, 1436) in nitrobenzene (150 c.c.) was heated on the 
steam-bath till dissolved; methyl sulphate (16 c.c.) was added, and heating continued for 
8 hour. The solid was filtered 
from the cooled mixture, washed with acetone, and dried. A solution of this product in 20% 
hydrochloric acid (160 c.c.) was boiled for 15 minutes and cooled. The precipitate was washed 
with acetone, and crystallised from 20% hydrochloric acid to give 6-amino-1 : 2-dimethyl- 
quinolinium chloride hydrochloride as pale buff needles, m. p. 267" (decomp.) (Found : C, 49-8 ; 
H, 6.25; N, 10.2; C1, 26.2. C1,H,,N,C1,HCl,H,O requires C, 50.2; H, 6.1; N, 10.6; C1, 
27.0y0). A solution of this hydrochloride in water was made alkaline with sodium carbonate, 
and sodium chloride added. The precipitated 6-amino-1 : 2-dimethylquinolinium chloride 
crystallised from 95% ethanol as brownish-yellow needles, m. p. 282-283" (Found : C, 58-4; 
H, 6.65; N, 12.55; C1, 15-8. 

6-( 2-Amino-6-methyl-4-pyrimidylamino) -1 : 2-dimethylquinolinium Chloride (V ; R = H, 
R' = Me, X = Cl) .-6-Amino-1 : 2-dimethylquinolinium chloride (4.2 g.), 2-amino-4-chloro-6- 
methylpyrimidine (2-8 g.), water (25 c.c.), and 36% hydrochloric acid (3 c.c.) were refluxed 
together for 1 hour. The solution was made alkaline with sodium hydrogen carbonate and 
cooled. The chloride which separated crystallised from 50% aqueous alcohol in yellow needles, 
m. p. 304-305" (Found : C, 53-3 ; H, 6-6 ; N, 19-3 ; C1, 10.2. Cl,H18N5C1 requires C, 53.3 ; H, 
6.4; N, 19.4; C1, 9.8%). 

6-(4-Amino-6-methyl-2-~yrimid~ylamino)-l : 2-dimethylquinolinium Iodide (VI ; R = H, R' = 
Me, X = I) .-6-Amino-1 : 2-dimethylquinolinium chloride hydrochloride (5 g.), 4-amino-2- 
chloro-6-methylpyrimidine (2.8 g.), water (25 c.c.), and 36% hydrochloric acid (1 c.c.) were 
boiled together under reflux for 1 hour. The reaction mixture was made alkaline to Brilliant- 
yellow with sodium carbonate, and potassium iodide added. The precipitated iodide 
crystallised from 50% aqueous alcohol in yellow needles, m. p. 246-248" (Found : C, 45-5, 
45.6; H, 4.8, 4.7; N, 16.7. 

6-(2-Amino-6-methyZ-4-pyrimidylamino)quinoZine (I1 ; R = R' = H) .-2-Amino-4-chloro-6- 
methylpyrimidine (7-2 g.) and 6-aminoquinoline hydrochloride (9 g.) in water (50 c.c.) and 36% 
hydrochloric acid (1 c.c.) were similarly condensed. The resulting clear solution was treated 
with carbon, filtered, and made alkaline with ammonia. The precipitated oily product quickly 
solidified and crystallised from alcohol as yellowish needles, m. p. 233-234O (Found : C, 64.7 ; 
H, 5.6; N, 26-8. 

6-Acetamido-1-methylquinolinium Iodide.-To 6-acetamidoquinoline (18.6 g.) in nitrobenzene 
(100 c.c.) a t  100" methyl sulphate (15 c.c.) was added during 5 minutes with stirring, which was 
continued for 3 hours. The mixture was cooled, and the almost colourless quaternary metho- 
sulphate was collected, washed with acetone, and dried. It was dissolved in a small volume of 
cold water, the solution treated with carbon and filtered, and excess of potassium iodide added. 
The precipitated iodide crystallised from water as yellow tablets, decomp. >280° (Found : 
C, 43-9; H, 3.9; N, 8.8; I, 38.9. C,,H,,ON,I requires C, 43.9; H, 3.95; N, 8.55; I, 38.8%). 

6-A mino-1-methylquinolinium Salts.-The crude methosulphate prepared as described in the 
preceding experiment (12 g.), water (10 c.c.), and hydrochloric acid (20 c.c.) were boiled together 
for 10 minutes. The solution was cooled, and acetone (50 c.c.) was added to precipitate 
6-amino- 1-methylquinolinium chloride hydrochloride (6-2 g.), m. p. 246-247" (decomp.) . This 
crystallised from 36% hydrochloric acid-ethanol (1 : 1) as colourless prisms, m. p. 246-247" 
(decomp.) (Found : C, 52-1; H, 5-1; N, 12.1. C1,HllN,C1,HC1 requires C, 52-0;  H, 5-2; N, 
12.1%). The hydrochloride (2 8.) was dissolved in water (10 c.c.), and the solution made 
alkaline with sodium carbonate and divided into two portions. Addition of sodium chloride to 

C,&t,,N,I,O.~H,O requires C,  41.7 ; H, 4-4; N, 22.7 ; I ,  29.4%). 

Rapid separation of colourless crystalline material took place. 

C1,Hl3N2Cl requires C ,  58.3; H, 6.6; N, 12-4; C1, 15.7%). 

C,,H,,N,I,H,O requires c ,  45.2; H, 4.7 ; N, 16.5%). 

C,,H,,N5,0.5H,0 requires C ,  64.6; H, 5.4; N, 26.9%). 
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one portion, and recrystallisation of the product from ethanol, gave 6-amino- 1-methylquinolinium 
chloride as long yellow prisms, m. p. 244" (Found : C, 56.05; H, 6.15; N, 13.15; C1, 16.0. 
C,,H,,N,Cl,H,O requires C, 56-5; H, 6-1; N, 13.2; C1, 16.7%). The other portion with 
sodium iodide gave the iodide as orange needles, m. p. 194-195", from ethanol (Found : C, 
39.9; H, 4.15; N, 9-55. 

6-(2-Amino-6-methyl-4-pyrimidylamino)-l-methylquinolinium Salts (V ; R = R' = H) .- 
(a)  6-Amino-1-methylquinolinium chloride (4 g.) and 2-amino-4-chloro-6-methylpyrimidine 
(2-8 8.) were heated in boiling water (25 c.c.) containing 36% hydrochloride acid (3 c.c.) for 
1 hour, and the mixture made alkaline with sodium hydrogen carbonate and cooled. The 
product which separated was washed with acetone and crystallised from 50% aqueous alcohol 
to give the chloride (V; R = R' = H, X = C1) as golden-yellow needles (6.6 g.), m. p. 277- 
278" (Found : C, 53.5; H, 6.3; N, 20.4. Cl5H1,N,C1,2H2O requires C, 53-35; H, 5.9; N, 
20.7%). The corresponding iodide (V; R = R' = H, X = I) crystallised from 50% aqueous 
alcohol as orange needles, m. p. 258-259" (Found: C, 42-4; H, 4-9; N, 16-7; I, 29.5. 
C,,Hl,N,I,2H,0 requires C, 42.0; H, 4.7 ; N, 16.3 ; I, 29.6%). 

(b)  6-(2-Amino-6-methyl-4-pyrimidylamino)quinoline (4 g.) and methyl sulphate (2 g.) were 
heated together in nitrobenzene (50 c.c.) a t  100-110" for 10 minutes; the deep yellow solid 
formed was then completely soluble in water. After cooling, i t  was filtered off, washed with 
acetone, and dried. This methyl methosulphate was dissolved in water, and potassium iodide 
added. The precipitated methiodide, crystallised from water, had m. p. 256-258" undepressed 
on admixture with material made by method (a). 

(c) 6-(2-Amino-6-methyl-i-pyrimidylamino)quinoline (2 g.) , methyl iodide (1-5 c.c.) , and 
alcohol (20 c.c.) were heated together in a sealed tube for 6 hours a t  100". After cooling, the 
product which had separated was washed with alcohol and crystallised from water to give 
6-( 2-amino-6-methyl-4-pyrimidylamino) - 1-methylquinolinium iodide hydriodide as orange needles, 
m. p. 314-315" (decomp.) (Found : C, 32-9; H, 3-8; N, 12-9; I, 45.5. C15H,,N,I,HI,1-5H,0 
requires C, 32.9; H, 3.7; N, 12.8; I, 45.4",). 

(d) 6-(2-Amino-6-methyl-4-pyrimidylamino)quinoline (2.5 g.), methyl iodide (14 c.c.), and 
alcohol (50 c.c.) were refluxed together on the steam-bath for 18 hours. After about 1 hour deep 
yellow crystalline material separated, but on further refluxing this was replaced by a voluminous 
microcrystalline product. After cooling, this was collected and crystallised from water to give 
the hydriodide of (V; R = R' = H, X = I), m. p. 315" (decomp.) undepressed on admixture 
with the product from (c) (Found : I, 46.004). When this salt was dissolved in water and made 
alkaline with sodium hydrogen carbonate, and the product crystallised from 50% aqueous 
alcohol, i t  gave 6- (2-amino-6-methyl-4-pyrimidylamino)-1-methylqu~olinium iodide, m. p. 
257" undepressed on admixture with material made by method (a) .  

6-(4-A mino-6-vnethyl-2-pyrimidyZanzino) quinoline (I11 ; R = R' = H) .-(u) 6-Aminoquinoline 
(1-55 g.), 4-amino-2-chloro-6-methylpyrimidine (1-45 g.) , and aqueous N-hydrochloric acid 
(11 c.c.) were boiled under reflux for 3 hours. A thick precipitate of yellow crystalline plates 
was deposited on cooling. These were washed with water, dried, and crystallised from water ; 
the dihydrochloride was obtained as yellow plates (2-05 g.), m. p. >360° (Found : C, 48.9; H, 
5-25; N, 20.2; C1, 20-7. Cl,H,,N,,2HCl,H20 requires C, 49.1 ; H, 5.0; N, 20-5; C1, 20.7%). 
Its solution was made alkaline with sodium hydroxide ; an oil was precipitated, and on standing 
i t  solidified and w-as crystallised from 50% aqueous alcohol, giving the hydrated base as pale 
green prisms, m. p. 100-103° (Found : C, 62.4; H, 5.6; N, 25-9. CI4Hl,N5,H2O requires 
C, 62.5 ; H, 5.6 ; N, 26*0~0). 

(b)  6-(4-Chloro-6-methyl-2-pyrimidylamino)quinoline (6  g.) (Curd et al., J., 1947, 1613) and 
concentrated ammonia (25 c.c.) were heated in a sealed tube at  175" for 12 hours. The product, 
which separated, on cooling, initially as an oil, gradually solidified and was then purified as 
under (a)  to give the same material, m. p. and mixed m. p. 100-101". 

6-(4-Amino-6-methyl-2-~y~imidylamino)-l-methylquinolin~um Iodide (VI ; R = R' = H, 
X = I) .-(a) 6-Amino-1-methylquinolinium chloride (1.9 g.), 4-amino-2-chloro-6-methyl- 
pyrimidine (1-4 g.), water (20 c.c.), and 36% hydrochloric acid (1.5 c.c.) were refluxed for 1 hour. 
While still warm, the mixture was made alkaline with sodium hydrogen carbonate, and potassium 
iodide added to precipitate the iodide which crystallised from water as yellow needles, m. p. 
285-286" (Found : C, 45.65; H, 4.45; N, 17-85; I, 32.5. C,,H,,N,I requires C, 45.8; H, 

(b) 6-(4-Amino-6-methyl-2-pyrimidylamino)quinoline (3 g.), alcohol (50 c.c.), and methyl 
iodide (7 c.c.) were refluxed on the steam-bath for 16 hours. The yellow material which had 
separated crystallised from water to give the hydviodide of the iodide (VI ; R = R' = H, X = I) 

C,,H11N21,H,0 requires C, 39.5; H, 4.3; N, 9.2%). 

4.1; N, 17.8; I, 32.3%). 
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as yellow needles, m. p. ca. 285" (decomp.) (Found : C, 35-2; H, 3-7; N, 13.5; I, 48.3. 
Cl,H,,N,I,HI requires C, 34.6; H, 3-3; N, 13.4; I, 48.8%). A solution of this iodide 
hydriodide in water was made alkaline with sodium hydrogen carbonate and treated with 
potassium iodide to give the iodide, which, crystallised from water, had m. p. 285-286" 
undepressed on admixture with material made by method (a). 

6-(6-Amino-2-methyl-4-pyrimidylamino)quinoline (XI ; R = R' = H, R" = Me) .-6-Amino- 
quinoline hydrochloride (1 0 g.) and 4-amino-6-chloro-2-methylpyrimidine (7.2 g.) were 
intimately mixed by grinding, acetic acid (10 c.c.) was added, and the mixture heated at 150- 
160" for 3 hours with stirring. The whole became fluid below 100" but gradually solidified 
later. After cooling, the mass was dissolved in water, and the solution treated with carbon 
and filtered. Addition of sodium hydroxide to the filtrate precipitated the base as an oil. 
This rapidly solidified and was then washed with water, dried, and crystallised from methanol 
to give yellow laminae (12.3 g.), m. p. 229-230" (Found : C, 66.6; H, 5.0; N, 27-8. C,,H,,X, 
requires C, 67-0; H, 5.2; N, 27.8%). 

6-( 6-Amino-2-methyl-4-pyrimidyZamino) -1-methylquinoliniuwz Iodide (XI1 ; R = R' = H, 
R" = Me, X = I).-The preceding base (3 g.), methyl iodide (7 c.c.), and alcohol (50 c.c.) were 
refluxed on the steam-bath for 18 hours. The product, which separated rapidly, was collected 
hot, washed, and dissolved in water (200 c.c.). Addition of sodium hydrogen carbonate 
precipitated the iodide, which crystallised from water in yellow needles (2 g.), m. p. 291-292" 
(decornp.) (Found : C, 45.6; H, 4-4; N, 17.7; 1', 31.7. C,,H,,N,I requires C, 45.7; H, 4-1; 

6-(2 : 6-Diamino-4-~yr~mzdylaunino)quinoZzne (XI;  R = R' = H, R" = NH2).-6-Amino- 
quinoline hydrochloride (9 g.) and 2 : 6-diamino-4-chloropyrimidine (7 g.) were condensed 
together as for the 2-methyl compound above (acetic acid, 5 C.C. ; 18 hours' heating at  130- 
140"), and the product worked up as before, but the base was precipitated by ammonia; the 
oil rapidly solidified, and after collection, washing, and drying, was crystallised from alcohol 
(yield, 5-7 g.; m. p. 240-245"). A small quantity was sublimed a t  180°/0.1 mm., and the 
sublimate crystallised from alcohol, giving 6- (2 : 6-diamino-4-~yrimidylarnino) quinoline as 
colourless plates, m. p. 248-249" (Found : C, 61.5; H, 4.75; N, 33.3. C,,H,,N, requires 
C, 61.9 ; H, 4-75; N, 33.3%). 

6-(2 : 6-Diamino-4-pyvimidylamino)-l-mefhylquinoZinium Iodide (XI1 ; R = R' = H, R" = 
NH,, X = I).-(a) 6-Amino-1-methylquinolinium chloride hydrochloride (1 g.) and 2 : 6-di- 
amino-4-chloropyrimidine (0-7 g.) were condensed together as above (acetic acid, 1-0 C.C. ; 
2 hours' heating at 150-160"). The melt first obtained set to a solid mass, which was dissolved 
in water. The solution was treated with carbon, filtered, and made alkaline with sodium 
carbonate, and sodium iodide was added. The precipitate was washed with water and 
crystallised from water to give the iodide (XII; R = R' = H, R" = NH,, X = I) as yellow 
plates (1.1 g.), m. p. 281" (Found : C, 39.8; H, 4.7; N, 20.1; I, 30.95. C,,H1,N,I,1-5H,O 
requires C, 39.9; H, 4.3; N, 20.0; I ,  30.1%). 

(b)  6-(2 : 6-Diamino-4-pyrimidylamino)quinoline (3 g.), methyl iodide (7  c.c.), and ethanol 
(50 c.c.) were refluxed together on the steam-bath for 6 hours. The yellow granular material 
which had separated was filtered off and dissolved in water, and the solution made faintly 
alkaline with sodium hydrogen carbonate. The precipitate was collected and recrystallised 
from water to give a product of m. p. 281", identical with that under (a). 
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